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LETTER  OF  TRANSMITTAL. 


U.  S.  Department  of  Agriculture, 

Office  of  Experiment  Stations, 

Washington,  D.  C,  May  15,  1907. 
Sir  :  I  have  the  honor  to  transmit  herewith  a  report  on  tests  of  inter- 
nal-combustion engines  on  alcohol  fuel,  carried  on  under  the  direction 
of  Dr.  Elwood  Mead,  Chief  of  Irrigation  and  Drainage  Investigations, 
by  Prof.  C.  E.  Lucke,  of  Columbia  University,  and  S.  M.  Woodward,  of 
this  Office.  Its  publication  as  a  bulletin  of  this  Office  is  recommended. 
Respectfully, 

A.  C.  True, 

Director. 

Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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TESTS  OF  INTERNAL -COMBUSTION  ENGINES  ON 
ALCOHOL  FUEL 


INTRODUCTION. 

In  Europe  during  the  last  ten  years  the  high  price  of  the  petroleum 
oils  used  as  fuel  in  internal-combustion  engines  has  led  to  extended 
efforts  to  find  other  suitable  and  economical  fuels.  Among  these 
alcohol  has  received  much  attention,  and  there  have  been  manufac- 
tured and  used  in  Germany  a  considerable  number  of  engines  especially 
designed  for  this  fuel. 

Recently  in  this  country  a  widespread  interest  has  developed  in 
the  possibilities  of  alcohol  as  a  fuel.  The  matter  is  important  to  the 
agricultural  interests  of  the  country,  both  because  alcohol  is  manu- 
factured from  various  products  of  the  soil  and  because  the  use  of 
small  liquid-fuel  engines  is  very  common  among  agriculturists. 

The  great  demand  made  upon  the  Department  of  Agriculture  for 
information  on  this  question,  coupled  with  the  complete  absence  of 
accurate  and  detailed  data  on  the  subject  printed  in  the  English 
language,  led  to  the  researches  of  which  this  bulletin  is  a  report. 

The  question  of  a  possible  substitute  for  the  petroleum  fuels  will 
become  of  increasing  importance  as  time  goes  on.  The  supply  of 
crude  oil  to  be  obtained  in  the  United  States  must  ultimately  diminish, 
and  the  history  of  the  past  indicates  that  a  constant  increase  in  price 
of  kerosene  and  gasoline  may  reasonably  be  expected.  On  the  other 
hand,  it  is  not  unreasonable  to  hope  that  with  improvements  in  agri- 
culture and  in  processes  of  manufacture  the  cost  of  alcohol  may  fall, 
so  that  as  regards  cost  alcohol  may  occupy  a  position  of  constantly 
increasing  advantage  in  comparison  with  the  petroleum  oils. 

The  tests  described  in  this  report  were  all  made  in  New  York  City, 
chiefly  in  the  mechanical  engineering  laboratories  of  Columbia  Uni- 
versity, between  October  1,  1906,  and  February  1,  1907. 

SPECIFIC  OBJECTS  OF  THE  INVESTIGATIONS. 

The  objects  of  this  investigation  may  be  put  under  two  heads: 
First,  to  determine  whether  the  gasoline  and  kerosene  engines  at 
present  on  the  American  market  can  run  on  alcohol  as  fuel.  This 
involved  as  related  matters  the  determination  of  the  manipulation 
to  be  followed  in  making  the  engines  run  on  alcohol,  the  measurement 
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of  the  relative  maximum  powers  of  the  engines  when  using  alcohol 
and  the  fuels  for  which  they  were  originally  made,  and  lastly  the 
relative  consumptions  of  the  different  fuels. 

Second,  to  determine  so  far  as  the  limited  time  and  means  available 
permitted,  the  improvements  which  might  be  desirable  in  the  design 
of  engines  manufactured  especially  for  alcohol. 

Preliminary  to  beginning  any  actual  tests  all  the  available  reports 
upon  the  subject  of  alcohol  engines  in  foreign  countries  were  examined. 
The  results  of  the  more  important  tests  in  France  and  Germany  are 
to  be  given  in  a  separate  report,  to  which,  for  the  benefit  of  those 
who  may  wish  to  get  details  or  look  up  original  sources  further,  there 
is  appended  a  bibliography  of  all  the  more  important  references  on 
this  subject  so  far  as  they  were  available. 

OUTLINE  OF  THE  GROUND  COVERED  BY  THE  TESTS. 

The  details  of  the  different  tests  are  given  later  in  the  bulletin.  The 
following  is  a  summary  of  the  extent,  scope,  variety,  and  number  of 
the  tests  carried  out  on  the  various  engines  used.  The  results  of  192 
consumption  tests  are  reported  for  the  eight  different  engines  which 
were  run  on  alcohol.  These  tests  are  all  numbered  consecutively. 
Many  more  tests  were  made,  but  the  results  are  not  printed  because 
they  give  little  additional  information.  In  addition,  a  great  many 
additional  observations  of  speed,  power,  etc.,  were  recorded  for  the 
different  engines  with  different  conditions  of  adjustment,  under  which 
time  was  not  used  for  a  measurement  of  fuel  consumption. 

Upward  of  1,000  indicator  cards  were  taken  from  the  five  different 
'  slow-speed  engines  used,  and  typical  cards  from  each  of  the  engines, 
running  under  various  conditions,  are  reproduced  in  connection  with 
the  detailed  results  of  the  tests. 

Most  of  the  engines  used  were  loaned  by  their  makers  for  the  pur- 
pose of  these  tests.  Each  of  the  eight  engines  was  run  on  alcohol  as 
well  as  on  the  gasoline  or  kerosene  for  which  it  was  designed.  The 
engines  used  were: 

No.  1.  A  15-horsepower,  2-cylinder,  vertical,  4-cycle  gasoline  engine. 
No.  2.  A  6-horsepower,  horizontal,  4-cycle  gasoline  engine. 
No.  3.  A  6-horsepower,  horizontal,  4-cycle  gasoline  engine. 
No.  4.  A  6-horsepower,  vertical,  4-cycle  gasoline  engine. 
No.  5.  A  6-horsepower,  horizontal,  2-cycle  kerosene  engine. 
No.  6.  A  40-horsepow,er,  4-cylinder  automobile  gasoline  engine. 
No.  7.  A  40-horsepower,  4-cylinder  automobile  gasoline  engine.  * 
No.  8.  A  2-horsepower,  vertical,  2-cycle  marine  gasoline  engine. 

The  last  three,  of  course,  were  high-speed  engines. 

On  engine  No.  1  fifteen  tests  are  reported,  giving  the  consumption 
of  alcohol  and  gasoline  under  different  brake  loads  and  with  different 
initial  compressions. 
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With  engine  No.  2  twenty-four  tests  are  reported  with  gasoline  and 
thirty  tests  with  alcohol.  These  show  the  effect  upon  consumption 
and  upon  the  shape  and  size  of  the  indicator  cards  of  changes  in  fuel, 
needle-valve  setting,  time  of  ignition,  and  brake  load. 

Eighteen  tests  with  gasoline  and  nineteen  with  alcohol  are  given 
for  engine  No.  3.  These  show  the  effect  upon  fuel  consumption,  mean 
effective  pressure,  and  uniformity  of  explosions,  of  changes  in  brake 
load,  needle-valve  setting,  time  of  ignition,  and  engine  speed. 

With  engine  No.  4,  eleven  tests  on  gasoline  and  twenty-six  on  alco- 
hol show  the  relative  consumptions  and  powers  with  the  two  fuels 
under  different  settings  of  air  and  fuel  valves,  and  also  the  effect  of 
heating  the  air  in  advance  of  its  entrance  to  the  carbureter. 

With  engine  No.  5,  four  tests  with  kerosene  and  five  with  alcohol 
show  the  relative  maximum  power  obtainable  with  the  two  fuels  and 
the  corresponding  fuel  consumptions.  They  also  give  some  indication 
of  how  the  fuel  consumption  is  affected  by  different  conditions  of  the 
engine's  operation. 

With  engine  No.  6,  two  runs  on  each  fuel,  gasoline  and  alcohol,  show 
the  relative  power  and  fuel  consumptions  obtained  with  the  two  fuels. 

Twelve  tests  with  gasoline  and  seven  with  alcohol  with  engine  No.  7 
show  the  consumptions  with  different  loads  and  with  different  valve 
settings. 

On  engine  No.  8,  ten  tests  using  gasoline  and  seven  using  alcohol 
show  the  relative  consumptions  of  the  two  fuels  and  the  relative 
powers  obtained  under  different  adjustments  of  the  engine. 

PROPERTIES  OF  LIQUID  FUELS. 

An  elementary  explanation  of  the  mechanism  of  the  internal-com- 
bustion engine,  of  the  comparative  cost  of  power  for  different  fuels, 
of  the  properties  of  the  various  liquid  fuels  which  fit  them  for  use  in 
engines,  and  of  the  nature  of  the  combustion  which  takes  place  in 
the  engine  cylinder,  is  given  in  Farmers'  Bulletin  277,  which  may  be 
obtained  without  cost  upon  application  to  the  United  States  Depart- 
ment of  Agriculture. 

It  must  be  constantly  remembered  that  all  the  liquid  fuels  available 
for  commercial  use  are  complicated  mixtures  of  many  different  chem- 
ical substances,  and  hence  are  always  liable  to  more  or  less  change  in 
their  chemical  composition,  and  accordingly  in  their  properties. 

Gasoline  and  kerosene  are  most  easily  examined  by  their  specific 
gravities,  but  since  each  is  a  mixture  of  numerous  lighter  and  heavier 
oils,  a  definite  constant  density  is  not  a  guarantee  that  the  composi- 
tion may  not  change  sufficiently  to  affect  the  action  of  the  fuel  in  an 
engine. 

Commercially  pure  grain  or  ethyl  alcohol  is  sensibly  pure  except  for 
the  water  which  may  be  mixed  with  it.    In  this  country  alcohol  is 
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described  according  to  its  strength  by  stating  the  percentage  of  abso- 
lutely pure  alcohol,  by  volume,  which  exists  in  the  mixture  of  alcohol 
and  water.  Thus,  90  per  cent  alcohol  means  that  if  the  alcohol  pres- 
ent could  be  separated  absolutely  pure,  its  volume  would  be  90  per 
cent  of  the  volume  of  the  actual  mixture  of  alcohol  and  water.  Since 
alcohol  is  lighter  than  water,  the  stronger  the  alcohol  the  lighter  the 
specific  gravity,  and  90  per  cent  alcohol  contains  less  than  90  per  cent 
of  alcohol  by  weight.  Moreover,  since  when  pure  alcohol  and  water 
are  mixed  the  volume  of  the  mixture  is  less  than  the  sum  of  the 
volumes  of  the  water  and  alcohol  before  mixing,  90  per  cent  alcohol 
contains  more  than  10  per  cent  of  water  by  volume. 

In  France  the  strength  of  alcohol  is  described  as  in  this  country, 
by  stating  the  percentage  of  alcohol  present  by  volume.  On  the  other 
hand,  in  Germany  the  strength  is  always  expressed  as  percentage  of 
alcohol  present  by  weight.  This  difference  must  be  noted  in  comparing 
results  reported  in  the  different  countries,  or  erroneous  conclusions 
may  be  drawn. 

In  the  statistics  relating  to  alcohol,  issued  by  the  United  States 
Commissioner  of  Internal  Revenue,  quantities  are  stated  in  " proof" 
gallons.  A  proof  gallon  contains  50  per  cent  alcohol  by  volume,  the 
remainder  of  the  mixture  being  water;  hence,  a  quantity  of  alcohol 
when  stated  in  proof  gallons  is  expressed  by  a  number  just  twice  as 
large  as  it  would  be  if  stated  in  gallons  of  100  per  cent  alcohol. 

The  denatured  alcohol  which  may  be  used  in  engines  in  the  United 
States  must  be  prepared  as  follows,  according  to  the  regulations  of 
the  Commissioner  of  Internal  Revenue:  To  100  volumes  of  ethyl  or 
grain  alcohol  of  a  strength  not  less  than  90  per  cent  there  must  be 
added  either  10  volumes  of  methyl  or  wood  alcohol  and  one-half  of  1 
volume  of  benzine  or  2  volumes  of  methyl  alcohol  and  one-half  of  1 
volume  of  pyridin  bases.  The  substances  added  to  the  grain  alco- 
hol will  probably  not  be  of  uniform  quality,  and  hence  there  will  be 
some  variability  in  the  properties  of  the  denatured  alcohol  which  will 
affect  its  use  as  a  fuel. 

The  following  figures  are  fair  averages  or  approximate  values  and 
serve  to  show  the  relative  values  for  the  different  fuels: 


Relative  weights  of  different  fuels. 


Substance. 


Specific 
gravity. 


Pounds 

per 
gallon. 


Gasoline  

Kerosene  

95  per  cent  ethyl  alcohol 
90  per  cent  ethyl  alcohol 


0.71 
.80 
.82 
.83 


5.9 
6.7 
6.8 
6.9 


The  presence  of  any  solid  dissolved  in  alcohol  tends  to  increase  the 
specific  gravity  of  the  liquid  and  thus  apparently  lowers  the  percentage 
of  alcohol  present  as  determined  by  the  hydrometer. 
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The  two  most  important  properties  of  a  liquid  fuel,  which  deter- 
mine its  availability  or  adaptability  for  use  in  an  engine,  are  its  heat 
of  combustion  and  its  volatility.  The  useful  work  which  can  be 
obtained  by  burning  a  definite  amount  of  any  fuel  is  in  general 
approximately  proportional  to  the  amount  of  heat  generated  by  the 
combustion  of  the  fuel.  In  this  amount  of  heat  the  various  fuels 
differ  greatly.  Moreover,  a  liquid  fuel  must  be  converted  into  a  gas  or 
vapor  before  it  can  be  burned  in  an  explosion  engine.  Hence  the  ease 
or  difficulty  of  vaporizing  the  fuel  has  a  great  effect  in  determining 
the  form  and  complexity  of  the  vaporizing  apparatus,  and  also  has 
considerable  influence  upon  the  economy  of  the  engine  and  the  gen- 
eral difficulties  that  may  be  encountered  in  its  satisfactory  operation. 

HEAT  OF  COMBUSTION. 

The  heat  of  combustion  of  fuels  is  determined  experimentally  by 
burning  a  known  weight  of  the  fuel  in  a  calorimeter,  in  which  the  heat 
generated  is  absorbed  by  a  surrounding  mass  of  water.  The  unit  used 
in  this  country  for  measuring  the  amount  of  heat  is  the  British  ther- 
mal unit  (B.  T.  U.),  and  the  amount  of  heat  produced  is  determined 
by  weighing  the  amount  of  water  heated  and  measuring  its  rise  in 
temperature.  A  British  thermal  unit  is  the  amount  of  heat  necessary 
to  raise  the  temperature  of  1  pound  of  pure  water  from  39°  to  40°  F. 
In  continental  European  countries  where  the  centigrade  thermometer 
scale  is  used,  heats  of  combustion  are  measured  in  calories  per  kilo- 
gram. For  any  fuel  the  heat  of  combustion  in  calories  per  kilogram 
is  five-ninths  of  the  heat  of  combustion  in  British  thermal  units  per 
pound. 

The  heat  of  combustion  of  the  various  petroleum  oils  varies  between 
19,000  and  21,000  British  thermal  units  per  pound  and  20,000  is  used 
as  an  average  value.  The  experimental  value  for  pure  alcohol  is 
about  12,700  British  thermal  units  per  pound. 

All  liquid  fuels  contain  a  considerable  proportion  of  hydrogen,  which 
when  burned' forms  water  in  the  condition  of  steam.  When  the  fuel 
is  burned  in  a  calorimeter  this  steam  is  condensed  by  the  cold  water 
surrounding  the  calorimeter  and  in  this  condensation  contributes  a 
considerable  amount  of  heat  to  the  total  amount  absorbed  by  the 
cold  water.  When  a  fuel  is  burned  in  an  internal-combustion  engine 
the  products  of  combustion  always  leave  the  engine  cylinder  at  a 
temperature  much  above  the  boiling  point  of  water;  hence  the  engine 
is  unable  to  make  use  of  the  latent  heat  of  condensation  of  the  steam 
formed  in  combustion,  although  this  latent  heat  is  included  in  the 
heat  measured  by  a  calorimeter.  On  this  account  it  is  customary, 
in  comparing  fuels  used  in  explosion  engines,  to  calculate  the  heat  of 
condensation  of  the  steam  in  the  products  of  combustion  and  to 
deduct  this  amount  from  the  heat  of  combustion  as  measured  in  the 
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calorimeter,  giving  what  is  called  the  low  value  of  the  heat  of  com- 
bustion. Correspondingly,  the  heat  as  measured  by  the  calorimeter 
is  called  the  high  value  of  the  heat  of  combustion. 

AIR  NECESSARY  FOR  COMBUSTION. 

When  a  fuel  has  a  definite  chemical  composition,  the  air  necessary 
for  its  combustion  can  be  exactly  calculated.  Hence,  this  calculation 
can  be  made  for  pure  methyl  or  ethyl  alcohol,  but  can  be  made  only 
approximately  for  a  fuel  like  gasoline,  which  is  a  mixture,  in  variable 
proportions  of  a  large  number  of  different  chemical  substances. 

By  the  formula  for  ethyl  alcohol,  C3H5OH,  its  molecular  weight 
is  46. 

Carbon   12X2=24 

Hydrogen   1X6=  6 

Oxygen   16X1=16 

46 

For  the  complete  combustion  of  1  molecule  of  alcohol  the  2 
atoms  of  carbon  require  4  atoms  of  oxygen  to  form  carbon  dioxid, 
and  the  6  atoms  of  hydrogen  require  2  atoms  of  oxygen,  in  addi- 
tion to  the  1  atom  present,  to  form  steam,  thus  making  6  atoms 
of  oxygen  in  all  to  be  supplied.  The  weight  of  the  6  atoms  is 
6X16  =  96.  Hence  complete  combustion  of  1  pound  of  C2H5OII 
requires  96  46  =  2.086  pounds  of  oxygen.  In  1  pound  of  pure  dry 
air  there  is  0.230  pound  of  oxygen,  so  that  the  combustion  of  1  pound 
of  C2H5OH  requires  2.086-0.230  =  9.06  pounds  of  air,  or  about  119 
cubic  feet  of  pure  air  at  a  temperature  of  60°  and  at  sea  level.  If 
the  alcohol  contains  water,  1  pound  of  the  alcohol-water  mixture 
requires  less  air  than  that  stated.  If  the  air  is  moist,  1  pound  of  it 
contains  slightly  less  than  0.230  pound  of  oxygen  and  hence  more  air 
would  be  required.  Approximate  results  calculated  in  a  similar  man- 
ner for  various  petroleum  fuels  may  be  found  in  SoreFs  Alcohol 
Engines. 

In  an  actual  engine  the  amount  of  air  is  proportioned  to  the  amount 
of  vapor,  not  by  any  exact  measurement  of  either,  but  by  trial  to 
secure  either  the  best  results  in  maximum  power  or  in  minimum  fuel 
consumption.  In  such  case  the  experimenter  has  no  knowledge  of 
the  amount  of  fuel  supplied  but  unburned.  In  the  French  tests  by 
Sorel,  the  exhaust  gases  were  analyzed  chemically  with  a  view  to 
determining  the  amount  of  air  supplied.  An  engineer  operating  the 
engine,  however,  has  no  means  for  determining  such  results,  and,  in 
fact,  cares  very  little  just  what  quantity  of  air  is  being  supplied  so 
long  as  it  is  clear  that  no  fuel  is  passing  away  unburned  or  so  long  as 
the  engine  is  doing  the  proper  amount  of  work  with  the  minimum 
consumption  of  fuel. 
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VAPORIZATION  OF  FUEL. 

Before  any  liquid  fuel  can  be  used  in  the  usual  form  of  explosion 
engine,  it  must  be  vaporized,  and  this  vapor  must  be  mixed  with  air 
in  proper  proportions.  Thus,  the  preparation  of  the  combustible 
mixture  involves  three  steps:  Fust,  vaporization  of  the  fuel;  second, 
mixture  of  the  fuel  vapor  and  air;  and,  third,  the  proper  adjustment 
of  the  proportions  of  fuel  and  air. 

The  differences  in  the  devices  used  in  engines  to  accomplish  these 
objects  constitute  the  widest  variations  in  the  detailed  design  of 
existing  engines.  In  some  of  these  devices  the  fuel  is  boiled  in  a 
separate  chamber,  called  a  vaporizer,  from  which  the  vapor  flows 
into  a  stream  of  air  entering  the  engine,  the  amount  of  vapor  being 
regulated  by  a  valve  just  as  in  the  case  of  an  engine  using  illuminating 
or  producer  gas. 

In  another  type  of  vaporizer  the  fuel  is  dropped  on  a  hot  plate  over 
which  the  air  flows,  the  proportion  of  fuel  being  regulated  by  the 
amount  of  liquid  fuel  forced  against  the  plate.  Kerosene  requires 
a  high  heat  to  vaporize  it  completely,  since  its  boiling  point  is  high, 
and  hence  it  is  much  used  with  vaporizers  of  the  hot-plate  type. 
Alcohol  will  work  satisfactorily  with  a  vaporizer  of  this  type  if  the 
temperature  of  the  hot  plate  is  properly  regulated. 

Gasoline  is  easily  vaporized  at  ordinary  atmospheric  temperatures 
and  hence  requires  no  hot  plate  or  heated  vaporizing  chamber. 
Usually  the  liquid  gasoline  is  admitted  directly  into  the  air  entering 
the  engine  through  a  device  known  as  the  carbureter,  which  is  intended 
to  regulate  the  proportion  of  fuel  and  to  spray  it  uniformly  through 
the  mass  of  air  so  that  as  the  liquid  spray  turns  into  vapor  it  will  pro- 
duce a  homogeneous  mixture  of  air  and  vapor.  Alcohol  can  also  be 
used  in  a  gasoline  carbureter. 

As  with  all  substances  which  liquefy  at  ordinary  temperatures, 
there  is  a  definite  limit  to  the  amount  of  alcohol  vapor  which  can 
exist  in  a  cubic  foot  of  space  at  any  given  temperature.  Assuming 
the  laws  for  perfect  gases  to  hold,  at  any  given  constant  temperature 
the  weight  of  alcohol  vapor  present  in  a  cubic  foot  of  space  is  propor- 
tional to  its  vapor  pressure  and  is  usually  measured  or  represented 
by  this  vapor  pressure.  This  may  be  illustrated  by  imagining  a 
cylinder  provided  with  a  tight  piston  and  containing  alcohol  vapor  at  a 
pressure  corresponding  to  10  millimeters  of  mercury,  and  kept  con- 
stantly throughout  the  experiment  at  a  temperature  of  70°  F.  If 
now  the  vapor  is  compressed  by  the  piston  until  its  volume  is  reduced 
one-half,  the  vapor  pressure  will  rise  to  20,  there  being  of  course 
twice  as  much  vapor  per  cubic  foot  of  space  occupied  as  there  was 
originally.  If  the  volume  is  again  halved  the  pressure  will  rise  to  40. 
But  if  the  compression  is  continued  until  the  vapor  pressure  rises  to 
47  millimeters  of  mercury  a  change  takes  place  in  the  action.  The 
2999— No.  191—07  2 
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pressure  will  not  rise  above  47  if  the  temperature  is  kept  at  70°.  If 
the  piston  is  moved  a  further  amount,  so  as  to  reduce  the  volume  still 
more,  part  of  the  alcohol  vapor  will  be  condensed  into  liquid,  but  the 
vapor  pressure  will  remain  the  same  and  the  amount  of  vapor  per 
cubic  foot  of  space  will  remain  constant.  Hence  there  is  a  definite 
maximum  amount  of  alcohol  vapor  which  can  exist  in  a  cubic  foot  of 
space  at  any  given  temperature.  Space  in  such  a  condition  is  said 
to  be  saturated  with  alcohol  vapor  and  the  corresponding  vapor  pressure 
is  called  the  vapor  pressure  of  saturated  alcohol  vapor  at  the  given 
temperature.  It  is  important  to  remember  that  the  space  may  con- 
tain any  smaller  amount  with  a  correspondingly  lower  vapor  pressure, 
but  can  not  contain  a  greater  amount  than  the  quantity  corresponding 
to  the  saturated  state. 

The  vapor  pressure  of  saturation  increases  rapidly  with  the  tem- 
perature, and  the  values  as  determined  by  experiment  for  alcohol 
and  some  other  substances  at  various  temperatures  are  given  in  the 
table  on  page  17. 

When  different  gases  or  vapors  exist  simultaneously  in  the  same 
space,  if  they  have  no  chemical  action  on  each  other,  each  one  acts 
by  itself  just  as  though  no  other  gas  were  present.  Thus  if  air 
were  also  present  in  the  cylinder  used  in  the  illustration  above,  the 
oxygen  and  nitrogen  would  not  interfere  at  all  with  the  action  of  the 
alcohol  vapor.  But  it  is  to  be  noted  that  in  such  a  case  the  pressure 
as  measured  by  a  barometer  column  or  pressure  gauge  would  be  the 
sum  of  the  separate  pressures  due  to  the  air  and  due  to  the  alcohol 
vapor.  If  moisture  were  present  it  probably  would  have  some  effect 
on  the  alcohol-vapor  pressure,  because  water  and  alcohol  have  a 
certain  affinity  for  each  other. 

•It  was  shown  on  page  14  that  in  a  mixture  of  alcohol  vapor  and  air 
the  proportion  for  complete  combustion  of  the  alcohol  should  be  9.06 
pounds  of  air  to  1  pound  of  alcohol.  If  less  air  is  present  the  alcohol 
can  not  be  completely  consumed  and  the  excess  passes  off  as  alcohol 
or  some  substance  formed  by  the  partial  decomposition  of  the  alcohol 
molecule.  If  more  air  is  present  than  the  required  amount  no  harm 
is  done  provided  the  excess  is  not  too  great,  and  it  is  in  fact  better  so 
far  as  economical  consumption  of  the  fuel  is  concerned  to  have  some 
excess  of  air  present. 

The  vapor  pressure  of  alcohol  vapor  in  the  theoretically  best  mix- 
ture of  it  with  air  may  be  calculated  as  follows:  By  Avogadro's  law, 
for  the  same  pressure  and  temperature,  the  densities  of  gases  are  pro- 
portional to  their  molecular  weights.  Since  the  molecular  weight  of 
hydrogen  is  2,  the  density  of  ethyl  alcohol  vapor  is  46  -f-2,  or  23,  com- 
pared with  hydrogen.    Hence,  1  pound  of  alcohol  vapor  occupying 

any  stated  volume  has  a  vapor  pressure  equal  to  ~  of  the  vapor  pres- 
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sure  of  1  pound  of  hydrogen  occupying  the  same  volume.  Likewise, 
since  the  density  of  air  is  14.44  compared  with  hydrogen,  9.06  pounds 
of  air  occupying  the  same  stated  volume  has  a  vapor  pressure  equal 

to  of  the  vapor  pressure  of  1  pound  of  hydrogen  occupying  the 

same  volume.    Therefore  the  relative  vapor  pressures  of  the  alcohol 

vapor  and  air  are  as  ~  and  j^^>  or  as  0-0435  and  0.627,  respectively. 

But  0.0435  +  0.627  =  0.670.    Hence,  of  the  total  vapor  pressure  pro- 
435 

duced  by  the  mixture,  q^qq,  or  6.5  per  cent,  is  due  to  the  alcohol  vapor, 
627 

and  ~^jjor  93.5  per  cent,  is  due  to  the  air. 

If  the  mixture  is  under  the  ordinary  atmospheric  pressure  of  14.7 
pounds  per  square  inch,  or  760  millinieters  of  mercury,  the  vapor 
pressure  of  the  alcohol  in  the  combustible  mixture  is  0.065  times  14.7, 
or  0.955  pound  per  square  inch,  or  0.065  times  760,  or  49.4  milli- 
meters of  mercury.  Similarly,  the  pressure  of  the  air  is  0.935  times 
14.7,  or  13.74  pounds  per  square  inch,  or  0.935  times  760,  or  711 
millimeters  of  mercury. 

The  following  table  contains  the  vapor  pressure  of  saturation, 
in  millimeters  of  mercury,  for  pure  ethyl  or  grain  alcohol,  pure 
methyl  or  wood  alcohol,  a  sample  of  gasoline,  and  water,  at  various 
temperatures: 

Table  I. —  Vapor  pressure  of  saturation  for  various  liquids. 


Vapor  pressure  of  saturation  in  mil- 
limeters of  mercury. 


Temperature. 

Pure 
ethyl 
alcohol. 

Pure 
methyl 
alcohol. 

Water. 

Gaso- 
line. 

6  a 

°F. . 

0 

32 

12 

30 

5 

99 

5 

41 

17 

40 

7 

115 

10 

50 

24 

54 

9 

133 

15 

59 

32 

71 

13 

154 

20 

68 

44 

94 

17 

179 

25 

59 

123 

24 

210 

30 

86 

78 

159 

32 

251 

35 

95 

103 

204 

42 

301 

40 

104 

134 

259 

55 

360 

45 

113 

172 

327 

71 

422 

50 

122 

220 

'409 

92 

493 

55 

131 

279 

508 

117 

561 

60 

140 

350 

624 

149 

648 

65 

149 

437 

761 

187 

739 

The  values  for  ethyl  and  methyl  alcohol  are  taken  from  the  Smith- 
sonian physical  tables,  the  values  for  water  from  the  steam  tables 
in  general  use,  and  the  values  for  gasoline,  which  were  based  upon 
tests  of  a  sample  of  French  commercial  gasoline,  are  taken  from 
SoreFs  book  on  alcohol  engines.  Since  gasoline  is  a  variable  sub- 
stance, the  values  given  for  it  are  to  be  considered  as  only  generally 
representative. 
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From  the  table  it  is  evident  that  ethyl  alcohol  can  have  a  vapor 
pressure  of  49  millimeters  only  if  its  temperature  is  72°  F.  or  higher. 
Hence,  a  mixture  of  air  and  the  alcohol  vapor  in  the  theoretical  pro- 
portions for  perfect  combustion  can  not  exist  at  a  temperature  below 
72°  F.  A  combustible  mixture  with  some  excess  of  air  can  exist  at 
lower  temperatures,  as  also  a  mixture  in  which  a  part  of  the  alcohol 
is  not  in  the  form  of  vapor,  but  is  carried  with  the  air  mechanically 
in  the  liquid  form  as  a  spray  or  fog. 

The  table  shows  that  methyl  alcohol  vaporizes  much  more  readily 
than  ethyl  alcohol  and  gasoline  much  more  readily  than  either.  A 
mixture  of  different  fuels  will  usually  have  a  higher  vapor  pressure 
than  either  of  the  separate  ingredients  unless  one  is  present  in  too 
small  a  quantity  to  produce  saturation. 

Since  alcohol,  as  used  commercially,  is  always  mixed  with  some 
proportion  of  water,  a  combustible  mixture  formed  by  the  vaporiza- 
tion of  such  alcohol  may  become  saturated  with  water  vapor  before 
it  is  saturated  with  alcohol  and  this  may  retard  the  complete  vapo- 
rization of  the  alcohol.  Such  a  state  is  more  likely  to  occur  if  the  air 
originally  contains  a  considerable  amount  of  water  vapor — that  is, 
if  the  relative  humidity  is  high.  In  such  a  case  a  temperature  higher 
than  72°  would  be  necessary  to  maintain  the  required  amount  of 
alcohol  vapor  in  the  mixture. 

In  order  that  alcohol  may  change  from  a  liquid  to  a  vapor,  it  must 
receive  a  large  amount  of  heat- either  from  the  air  with  which  it  mixes 
or  from  the  metal  parts  of  the  carbureter  with  which  it  comes  in 
contact.  The  hotter  these  parts  the  more  quickly  the  alcohol  can 
absorb  the  requisite  amount  of  heat.  But  if  the  air  is  too  hot  there 
is  danger  that  the  mixture  of  air  and  alcohol  vapor  produced  may 
be  too  rich  in  alcohol  and  some  of  the  vapor  must  remain  unburned. 
Still,  if  the  air  be  moist,  or  the  alcohol  contain  water,  or  the  time 
allowed  for  vaporization  be  too  short,  the  temperature  of  the  air 
must  be  higher  than  72°  to  form  a  proper  explosive  mixture. 

Air  at  any  temperature  will  take  up  some  alcohol  vapor,  and  the 
higher  the  temperature  the  quicker  it  will  take  up  the  amount  neces- 
sary for  the  best  explosive  mixture.  In  the  case  of  incomplete 
vaporization,  some  of  the  fuel  may  be  carried  along  as  spray,  which 
may  or  may  not  be  vaporized  in  the  cylinder  on  the  compression 
stroke.  If  not,  it  certainly  will  be  vaporized  after  the  explosion  of 
the  rest.  It  would  seem  desirable,  therefore,  to  heat  considerably 
the  air  supplied  to  an  alcohol  carbureter.  But  too  much  heating 
of  the  air  will  bring  about  a  bad  effect  on  the  engine,  because  it  will 
make  the  charge  hotter  at  the  end  of  compression,  and  thus  decrease 
the  weight  of  the  charge  in  the  cylinder.  The  horsepower  of  the 
engine,  other  things  being  equal,  will  be  decreased  in  direct  propor- 


19 


tion  as  the  density  of  the  charge  is  lowered  by  this  heating,  so  that 
heating  of  the  air  before  carbureting  is  good  for  complete  vaporiza- 
tion, but  bad  if  carried  too  far  in  its  effect  on  power  reduction. 

METHODS  OF  TESTING. 
APPARATUS  USED. 

In  the  investigations  conducted  by  this  Department  each  engine 
tested  was  fitted  with  a  suitable  brake  for  absorbing  the  power  devel- 
oped. Engine  Xo.  1  was  provided  with  a  special  water-cooled  pulley, 
attached  to  the  fly  wheel.  The  pulley  had  an  internal  rim  for  retain- 
ing the  cooling  water  and  an  external  rim  for  retaining  the  brake  in 
place.  The  latter  was  formed  of  wooden  blocks,  attached  to  a  belt 
whose  length  could  be  adjusted  by  a  screw.  A  vvooden  arm,  con- 
nected to  the  belt, .rested  upon  platform  scales.  On  all  the  slow- 
speed  engines  similar  wooden  block  band  brakes,  bearing  upon  plat- 
form scales,  were  used.  One  of  the  brakes  is  shown  on  the  engine 
fly  wheel  in  Plate  IX  (p.  58.) 

Each  automobile  engine  was  fitted  with  a  special  water-cooled 
pulley,  attached  to  its  fly  wheel.  They  are  shown  in  Plates  XVIII 
and  XIX  (pp.  76,  80).  The  pulley  was  made  b}"  cutting  out  a  disk 
of  three-eighths-inch  boiler  plate,  which  was  bolted  to  the  fly  wheel. 
The  outside  face  of  the  disk  was  grooved  to  receive  the  rim  of  a 
standard  cast-iron  belt  pulley  5  inches  wide.  The  other  edge  of  the 
pulley  rim  was  fitted  to  another  ring  of  boiler  plate  in  a  similar 
manner.  Bolts  passed  from  plate  to  plate,  as  shown  in  the  illustra- 
tions. A  rope  brake  was  used  on  this  pulley,  arranged  as  shown 
on  Plate  XVIII  (p.  76).  Each  end  of  the  rope  was  fastened  to  a 
spring  scale,  which  in  turn  was  suspended  from  the  arm  of  a  beam 
pivoted  to  a  standard.  The  other  end  of  the  beam  was  held  by  a 
chain  block.  A  movement  of  the  chain  block  increased  or  decreased 
the  tension  on  the  rope.  The  rotation  of  the  engine  tended  to  pull 
one  side  tighter  than  the  other,  just  as  is  the  case  with  a  windlass. 
A  heavy  scale,  capable  of  recording  400  pounds,  was  attached  to  the 
beam  near  its  center  and  carried  the  tight  side  of  the  rope.  The 
other  end  of  the  rope  was  attached  to  a  lighter  scale,  capable  of  record- 
ing a  maximum  of  24  pounds.  With  this  brake  a  200-pound  pull 
was  registered  on  the  heavy  scale,  with  only  8  pounds  on  the  smaller 
scale,  and  the  tension  could  be  quickly  and  rapidly  varied  by  the 
chain  block. 

The  speed  of  the  engines  was  obtained  by  actual  counting,  using 
a  stop  watch,  by  a  hand  speed  counter  and  by  a  tachometer.  Usually 
the  speed  was  determined  by  more  than  one  observer,  so  as  to  reduce 
the  chances  of  error. 
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The  ordinary  formula  was  used  for  computing  the  brake  horsepower, 

miP    2  ii  RWN 

in  which  R  =  the  brake  arm  in  feet,  W  =  the  brake  load  in  pounds, 
and  N  =  the  number  of  revolutions  per  minute. 

On  all  the  slow-speed  engines  indicator  cards  were  taken  not  only 
for  the  purpose  of  determining  indicated  horsepower  but  also  for 
studying  the  characteristics  of  the  combustion,  compression,  and 
other  conditions  in  the  cylinder.  For  this  use  a  new  outside  spring 
indicator  was  loaned  for  these  tests  by  the  manufacturers  of  the 
indicator.  It  is  shown  in  Plates  V  (p.  44)  and  IX  (p.  58)  attached 
to  the  engines  in  position  for  use. 

It  was  difficult  to  determine  the  proper  mean  effective  pressure  to 
use  in  computing  indicated  horsepower,  because  successive  strokes 
often  gave  indicator  diagrams  of  very  different  size  and  shape.  This 
is  shown  on  some  of  the  cards  reproduced  later.  Hence  it  was 
impossible  to  determine  exactly  the  averpge  mean  effective  pressure 
for  a  stated  period  of  time.  This  difficulty  was  avoided  so  far  as 
possible  by  taking  a  large  number  of  cards.  When  there  were  numer- 
ous differing  cycles  drawn  on  one  sheet,  usually  the  planimeter  point 
was  moved  around  on  a  line  as  near  the  average  of  the  different 
cycles  as  could  be  determined  by  eye.  This  gave  a  sort  of  graphical 
average  which  seemed  the  best  that  could  be  done  under  the  circum- 
stances. In  certain  cases,  explained  in  detail  as  they  arise,  cycles  of 
different  size  were  separately  measured  and  the  different  areas  were 
used  in  computing  the  indicated  horsepower.  No  attempt  was  made 
to  measure  the  area  of  the  lower  or  suction  loop  on  the  indicator  cards 
with  the  planimeter;  the  mean  effective  pressure  is  based  upon  the 
measured  area  of  the  upper  loop  only. 

The  number  of  explosions  per  minute  was  determined  in  hit-and- 
miss  governed  engines  both  by  counting  the  number  of  fuel  admissions 
and  also  by  listening  to  the  exhausts.  This  dual  method  is  necessary 
because,  under  certain  circumstances,  a  charge  may  miss  fire  and  an 
explosion  may  be  recorded  from  observations  of  fuel  admissions  where 
one  did  not  really  occur. 

The  indicated  horsepower  was  computed  by  the  usual  formula, 

tttp  PLAN 

in  which  P  =  mean  effective  pressure  in  pounds  per  square  inch, 
L  =  stroke  of  piston  in  feet,  A  =  area  of  piston  in  square  inches,  and' 
N  =  number  of  explosions  per  minute. 

The  engines  were  in  all  cases  piped  for  alcohol  fuel  and  also  for 
either  gasoline  or  kerosene,  so  that  one  could  be  switched  on  and  the 
other  off  at  any  time.  In  addition  a  third  connection  was  provided 
for  the  measuring  tanks.    Any  variation  in  the  adjustment  of  the 
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engine  was  secured  when  using  the  permanent  supply  tanks  before 
switching  on  the  measuring  tanks,  and  care  was  exercised  to  insure 
that  there  was  no  residue  between  the  valve  and'  the  engine  itself 
before  measurements  were  taken. 

Two  methods  of  measuring  fuel  were  used — one  by  noting  the  drop 
in  level  in  a  gauge  glass  attached  to  a  tank.  Three  pieces  of  pipe  each 
18  inches  long  were  fitted  with  tight  caps  and  galvanized  after  screw- 
ing up.  These  three  tanks  were  mounted  side  by  side  on  a  movable 
iron  table,  so  that  they  could  be  brought  to  any  of  the  engines  under 
test,  and  any  one  of  the  three  easily  connected  to  the  engine  by 
union  joints.  The  shelf  of  the  table  carried  an  ignition  battery.  All 
of  the  tanks  were  fitted  with  covers  to  prevent  evaporation.  Three 
sizes  were  used  to  enable  runs  of  different  lengths  to  be  made  with 
accuracy,  and  to  be  made  on  engines  of  different  sizes,  since  the 
engines  tested  varied  from  2  to  -10  horsepower.  It  was  desired  in 
all  cases  to  secure  a  large  drop  in  level  in  the  glass  so  that  for  small 
engines  the  small  tank  was  used  and  for  large  engines  the  largest  tank 
was  available.  In  any  case,  the  smallest  tank  suitable  was  the  one 
employed. 

It  was  shortly  found  desirable  to  measure  the  fuel  still  more  accu- 
rately than  is  possible  by  taking  differences  in  level  in  a  tank,  and 
the  arrangement  shown  in  Plate  IX  (p.  58)  was  devised  by  Mr.  Wood- 
ward for  this  purpose.  .  It  consisted  of  a  large  glass  beaker  on  a 
small  spring  platform  scale,  which  could  be  read  to  tenths  of  an  ounce. 
The  suction  pipe  from  the  pump  was  led  to  this  beaker  through  a 
rubber  tube  shown  in  the  illustration  and  the  fuel  was  siphoned  to 
the  pump.  The  tube  was  not  allowed  to  touch  the  glass  and  its  dis- 
placement was  found  to  be  so  small  as  to  be  negligible.  The  over- 
flow from  the  pump  was  led  directly  back  to  the  glass.  As  fuel  was  con- 
sumed its  weight  was  given  directly  by  the  loss  of  weight  of  the  beaker. 
During  a  test  the  scales  were  read  at  frequent  regular  intervals. 
When  the  engine  was  running  regularly  the  successive  losses  of  weight 
shown  hj  the  fuel  scales  were  very  uniform.  When  the  engine  was 
not  running  steadily  any  irregularity  could  be  detected  as  quickly 
and  certainly  by  the  fuel  scales  as  from  any  other  indication.  This 
device  was  so  satisfactory  that  it  was  found  that  the  measurement 
of  the  fuel  consumed  could  be  made  more  accurately  than  the  meas- 
urement of  the  power  developed.  Hence,  since  it  was  desired  to 
determine  the  effect  upon  the  consumption  of  as  many  different  con- 
ditions as  practicable,  the  test  runs  were  made  quite  short,  in  order 
that  as  many  different  runs  might  be  made  as  possible,  care  being 
taken  in  all  cases  to  have  the  engine  running  steadily  under  definite 
conditions  and  that  the  run  should  be  long  enough  to  make  the  fuel 
measurement  have  a  higher  degree  of  accuracy  than  could  be  main- 
tained for  the  power  measurement. 


-22- 


In  the  detailed  report  on  the  different  engines  only  the  final  results 
of  each  test  are  given.  .  Table  II  shows  a  sample  log  of  a  test  giving 
all  the  figures  recorded.  This  test,  No.  26,  was  selected  at  random 
and  fairly  represents  the  usual  procedure  followed  during  the  tests. 


Table  II. — Log  of  test  No.  26,  engine  No.  2. 

[November  6,  1906.    Fuel,  gasoline.    Ignition=— 2.8  per  cent.    Needle  valve  at  11 

— 8|=46|  pounds.] 


Brake  load=55 


Time. 

Fuel  scales. 

Fuel 
consumed. 

Explosions 
per  minute. 

Revolu- 
tions per 
minute. 

Indicator 

card 
numbers. 

2.33 
36 
39 
42 
45 

Lbs.  ozs. 
4  9.9 
6.0 
2.2 
3  14.4 
10.5 

Ounces. 

290 
294 
290 
290 

329 

3.9 
3.8 
3.8 
3.9 

122 

330 

121 
119 

331 

12 

15.4 

15.4 

121 

291 

Brake  horsepower=5. 05. 

Fuel  consumed^  77  ounces  per  hor.r=  4.81  pounds  per  hour=0.95  pound  per  brake  horsepower  hour. 

FUELS  USED. 

The  alcohol  used  in  these  investigations  was  bought  on  competitive 
bids  as  95  per  cent  commercial  alcohol  and  cost  in  barrels  33 \  cents 
per  wine  gallon  without  the  tax. 

An  ultimate  analysis  of  the  alcohol  gives  the  following  composition: 

Per  cent. 

Carbon   47.6 

Hydrogen   12.  7 

Oxygen  (by  difference)   39.  7 

As  received  the  alcohol  had  a  specific  gravity  of  0.82  at  60°  F., 
corresponding  to  about  91.1  per  cent  by  weight  or  94  per  cent  by  vol- 
ume, according  to  the  Smithsonian  physical  tables.  It  was  tested  in 
the  chemical  laboratory  in  the  usual  way  to  determine  the  percentage 
of  alcohol  present  after  treatment  to  eliminate  impurities,  as  follows : 

Twenty-six  grams  were  diluted  with  water,  redistilled,  and  the 
amount  of  alcohol  in  the  distillate  determined.  From  this  the  per- 
centage by  weight  in  the  original  sample  was  calculated.  Using 
Richard's  tables  the  result  obtained  was  93.1  per  cent.  Using  Mor- 
ley's  table,  published  in  the  Journal  of  the  American  Chemical  Society, 
October,  1904,  the  result  obtained  was  91.4  per  cent. 

The  ultimate  analysis  indicates  a  slightly  smaller  proportion  of 
alcohol,  since  a  strength  of  91.3  per  cent  would  have  the  following 
composition: 

Per  cent. 

Carbon   47.6 

Hydrogen  :   12.  9 

Oxygen   39.5 

These  discrepancies,  illustrating  the  difficulties  of  accurate  deter- 
minations, even  with  suitable  facilities  and  skillful  observers,  show  the 
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impossibility  of  obtaining  more  than  approximate  results  except 
under  exceptionally  favorable  circumstances. 

The  percentage  of  alcohol  found  in  a  sample  is  always  likely  to  be 
greater  when  determined  chemically  than  when  determined  by  the 
hydrometer,  because  the  presence  of  impurities  in  the  way  of  solids 
dissolved  in  the  alcohol  or  as  any  of  the  series  of  higher  alcohols  tends 
to.make  the  specific  gravity  of  the  sample  greater  and  hence  indicates 
too  low  a  percentage  of  alcohol. 

The  calorific  power  or  heat  of  combustion  of  the  alcohol  used  in 
these  tests  was  found  by  calorimeter  determinations  to  be  11,880 
British  thermal  units  per  pound,  high  value.  The  corresponding  low 
value  is  10,620. 

Using  the  customary  values  of  calorific  power  of  14,500  for  carbon 
and  62,000  for  hydrogen,  the  high  heat  value  of  combustion  for  pure 
alcohol  would  be  by  calculation  12,950.  The  Smithsonian  physical 
tables  give  12,930  as  the  value  for  pure  alcohol  on  the  authority  of 
Favre  and  Silbermann,  which  would  correspond  to  11,800  for  91.3  per 
cent  alcohol. 

The  gasoline  used  in  the  experiments,  known  as  "motor  gasoline," 
was  bought  in  New  York  City  at  15  cents  a  gallon  by  the  barrel  and 
had  a  specific  gravity  of  about  0.71  at  60°  F.  Its  ultimate  composi- 
tion was  as  follows : 

Per  cent. 

Carbon   85.0 

Hydrogen   :   14.  8 


Total   99.8 

Its  heat  of  combustion,  high  value,  as  determined  by  a  calorimeter, 
was  21,120  British  thermal  units  per  pound.  The  corresponding  low 
value  is  19,660. 

Using,  as  before,  14,500  for  carbon  and  62,000  for  hydrogen,  the 
calculated  high  heat  value  would  be  21,500. 

To  show  the  nature  of  the  complex  mixture  forming  the  gasoline 
150  cubic  centimeters  was  distilled  and  collected  in  fractions  of  10 
cubic  centimeters  each.  The  temperatures  required  for  the  distilla- 
tion of  the  successive  fractions  are  shown  in  the  following  table  and  are 
also  platted  on  figure  1 : 

Table  III. — Fractional  distillation  of  gasoline. 


Number 
of  frac- 
tion. 


Temperatures. 


°C. 
46  to  GO 
G4  to  75 
75  to  80 
80  con- 
stant 
80  to  86 
86  to  92 
92  to  97 


°F. 
114.8  to  i;o.o 
147.2  to  167.0 
167.0  to  176.0 
176  constant 

176.0  to  186.8 
186.8  to  197.6 
197.6  to  206.6 


Number 
of  frac- 
tion. 


Temperatures. 


°C. 
97  to  100 
100  to  104 
104  to  108 
108  to  112 
112  to  120 
120  to  126 
126  to  140 
140  to  155 


°F, 
206.6  to 
2i2.0  to 
219.2  to 
226.4  to 
233.6  to 
248.0  to 
258.8  to 
284.0  to 


212.0 

219.2 
226.4 
233.6 
248.0 
258.8 
284.0 
311.0 
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From  this  table  and  curve  it  appears  that  when  distillation  began 
the  vapor  showed  a  temperature  of  46°  C.  or  114.8°  F.  and  that  the 
distillation  was  stopped  at  a  temperature  of  155°  C.  or  311°  F.,  and 
that  at  this  temperature  there  was  left  5  cubic  centimeters  that  had 
not  yet  been  vaporized. 

The  kerosene  used  for  testing  had  a  specific  gravity  of  about  0.800 
at  60°  F.  It  was  assumed  to  have  the  same  heat  of  combustion  as  the 
gasoline  used. 


TEMPERATURE    OF  DISTILLATES         DEGREES  F. 
—                    —                    ro                    to  o) 
o                   o                   o                   o                   o  o 

)                 2                 4                 6                 8                10                12  14 
PARTS     DISTILLED    OF     15  TOTAL 

Fig.  1.— Gasoljne  characteristics  as  shown  by  fractional  distillation. 

The  c  finical  examinations  of  the  fuels  used  were  made  by  Dr.  V.  J. 
Chambers  in  the  chemical  laboratories  of  Columbia  University. 

In  making  computations  on  the  results  of  the  tests  the  following 
weights  were  used : 

Weights  used  in  computations. 


Substance. 

Specific 
gravity. 

Pounds 
per  gal- 
lon. 

Pounds 
per  pint. 

Pints 
per 
pound. 

W,ater  

1.000 
.820 
.710 
.800 

8.  33 
6. 83 
5. 91 
6.  66 

1.04 
.85 
.74 
.83 

0.96 
1.17 
1.35 
1.20 

Alcohol  

Gasoline  
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Engine  No.  1.   General  View. 
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Plate  II. 
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RESULTS  OF  TESTS. 
ENGINE  NO.  1. 

DESCRIPTION  OF  ENGINE. 

Plate  I  is  a  photograph  of  this  engine  from  the  valve-gear  side, 
showing  the  important  parts,  including  the  carbureter  and  the  regu- 
lating air  cock.  The  carbureter  is  separately  shown  in  cross  section 
in  Plate  II.  The  engine  is  rated  at  15-horsepower  at  380  revolu- 
tions per  minute.  It  is  2-cylinder,  single-acting,  vertical,  4-cycle, 
6+-inch  bore,  and  10-inch  stroke. 

Each  cylinder  has  two  valves  set  in  the  main  casing,  extensions 
of  wliich  are  seen  below  the  exhaust  pipe  in  the  photograph.  One 
of  these  valves  is  an.  exhaust  valve  and  the  other  an  inlet  valve  for 
the  mixture.  Besides  these  two  there  is  another  valve  for  the  admis- 
sion of  fuel  after  it  is  gasified.  Extensions  of  this  valve,  shown  in 
the  front  of  the  photograph,  are  also  reproduced  in  the  cross  section 
of  the  carbureter,  this  cross  section  showing  the  relation  to  the  car- 
bureter and  spray  nozzle.  This  last-mentioned  admission  valve  is 
operated  from  the  main  inlet  valve  stem  by  a  projecting  finger,  allow- 
ing the  fuel  valve  to  be  opened  with  the  motion  of  the  inlet  valve 
or  not,  depending  upon  the  governor  action.  When  the  speed  rises 
too  high  the  governor  prevents  this  finger  from  coming  in  contact 
with  the  fuel-valve  stem.  At  light  loads,  therefore,  this  valve  will 
not  open,  and  there  will  be  admitted  to  the  cylinder  through,  the 
inlet  valve  nothing  but  air,  which  will  pass  through  the  cock,  shown  at 
the  top  of  the  photograph,  which  is  designated  here  as  the  "  air  cock." 

The  ignition  is  by  a  make-and-brake  mechanism,-  very  clearly 
shown  on  the  right  of  the  photograph.  The  fuel  is  supplied  to  the 
engine  near  the  bottom  at  the  pump  suction,  the  pump  being  shown 
in  the  photograph,  with  the  liquid-fuel  inlet  open.  This  pump  is 
driven  from  the  cam  shaft,  but  may  also  be  operated  by  hand  to 
supply  fuel  to  the  carbureter  in  starting.  The  discharge  from  the 
pump  is  led  to  the  carbureter  through  the  pipe  shown  in  the  photo- 
graph and  marked  on  Plate  II  as  "fuel  supply."  Any  excess  fuel 
supplied  by  the  pump,  which  delivers  a  constant  amount,  over  what 
may  be  required  by  the  engine  is  returned  to  the  pump  suction 
through  a  pipe  designated  on  Plate  II  as  "fuel  overflow."  The 
pump,  therefore,  supplies  the  carbureter  with  more  fuel  than  is 
needed,  all  excess  passing  back  to  the  suction. 

The  carbureter  is  of  the  constant  level  overflow  type,  and  is  fitted 
with  sight  glasses,  shown  clearly  in  the  photograph,  through  wliich 
the  fuel  level  ma}'  be  observed.  This  carbureter  is  really  a  double 
carbureter,  or  more  properly  a  combination  of  carbureter  and  water 
spray.  It  was  found  by  the  makers  of  this  engine  that  the  engine 
under  high  compression  may  sometimes  get  overheated,  causing  pre- 
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ignition,  which  can  be  stopped  by  a  small  injection  of  water  with 
the  mixture  by  reason  of  the  neutral  resulting  from  the  steam  gener- 
ation. This  water  injection  is  provided  for  in  this  carbureter  by  a 
casting,  which  is  a  double  chamber,  shown  clearly  in  Plate  II.  To 
each  cylinder  there  is  led,  by  way  of  a  needle  valve,  a  pipe  from  the 
constant  level  fuel  chamber  and  another  from  the  constant  level 
water  chamber,  water  being  supplied  to  this  chamber  through  the 
pipe,  shown  in  the  top  center  of  the  photograph,  tapped  into  the 
water-jacket  pipe  and  overflowing  in  the  usual  way. 

The  amount  of  water,  gasoline,  or  alcohol  that  may  be  supplied 
to  the  engine  during  the  suction  stroke  is  regulated  in  this  carbu- 
reter by  the  needle  valve,  so  designated  in  Plate  II.  There  are  con- 
sequently four  needle  valves,  two  for  gasoline,  one  for  each  cylinder, 
and  two  for  water.  At  the  top  of  the  needle-valve  orifice  there  is 
inserted  a  small  button  containing  the  spray  orifices,  shown  clearly 
in  the  cross  section.  In  our  tests  we  did  not  use  water  at  any  time. 
The  operation  of  the  carbureter  is  illustrated  in  Plate  II,  section  BB. 
The  needle  valve  is  opened,  the  amount  of  opening  being  designated 
by  the  numbering  on  the  head  of  the  wheel,  as  indicated  by  the 
sharp  pointer  shown  on  the  right.  Air  is  drawn  in  through  the 
downward-pointing  orifice  and  across  the  spraying  button.  This  air 
orifice  is -properly  contracted,  so  that  there  will  be  a  partial  vacuum 
in  the  vaporizer  during  the  suction,  causing  the  gasoline  to  lift  from 
the  constant  level  to  the  gasoline  orifice,  a  distance  of  about  1  inch, 
and  in  addition  to  spray  into  the  air  being  sucked  across  the  top 
of  the  button,  thus  carbureting  the  air.  The  mixture  thus  formed 
contains  all  of  the  fuel  for  this  stroke,  but  an  insufficient  amount 
of  air.  This  rich  mixture  passes  through  the  fuel-inlet  valve,  desig- 
nated in  the  cross  section  as  ''inlet  valve  for  rich  mixture  to  the 
cylinder,"  but  before  it  reaches  the  main  inlet  valve  it  will  be  mixed 
with  more  air,  entering  through  the  air  cock,  shown  in  the  photo- 
graph. From  this  description  it  will  be  seen  that  as  only  a  portion 
of  the  air  takes  part  in  the  carbureting,  alcohol  fuel  will  not  have 
so  good  a  chance  to  vaporize  as  it  would  have  were  the  carbureter 
designed  to  take  all  of  the  vapor  through  the  carbureting  chamber. 
It  was  shown  previously  that  at  a  temperature  of  72°  F.  air  satu- 
rated with  pure  ethyl  alcohol  vapor  would  carry  just  the  right  amount 
to  form  the  best  mixture,  and  it  was  pointed  out  that  should  the 
temperature  be  lower  than  this,  or  should  the  time  for  saturation  be 
too  short,  or  the  spraying  incomplete,  or  should  the  alcohol  con- 
tain water,  then  a  temperature  higher  than  72°  would  be  necessary 
to  secure  the  best  mixture.  If,  in  addition  to  the  above,  only  part 
of  the  air  were  used  to  vaporize  the  alcohol,  the  difficulties  of  secur- 
ing a  good  mixture  would  be  magnified,  and  such  is  the  case  in  this 
engine. 
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DESCRIPTION  OF  TESTS. 

The  engine  was  tested  in  the  shops  where  it  was  built,  in  South 
Brooklyn.  Before  testing  it  had  been  put  in  first-class  condition, 
and  during  the  test  the  skilled  workmen  of  the  shop  were  available 
at  all  .times  as  assistants.  One  man  was  continually  employed  in 
adjusting  the  water-cooled  brake,  which  had  an  arm  of  57  inches, 
and  which  had  an  initial  brake  reading  of  9  pounds.  The  fuel  was 
measured  in  a  tank  consisting  of  a  6-inch  iron  pipe  about  18  inches 
long,  standing  vertical  on  a  base  and  fitted  with  a  gauge  glass. 
Excess  fuel  from  the  overflow  of  the  vaporizer  returned  to  the  tank 
near  the  top.  The  tank  was  calibrated,  and  the  rise  in  the  glass 
produced  by  weighed  amounts  of  fuel,  using  both  alcohol  and  gaso- 
line, was  measured.  In  the  earlier  fuel  consumption  measurements 
the,  amount  consumed  was  determined  both  by  weighing  and  by 
the  fall  of  level  in  the  tank.  The  agreement  in  the  results  was  so 
close  that  in  the  later  tests  the  fall  of  level  only  was  used,  as  this 
method  was  the  more  expeditious  and  convenient.  When  both 
methods  were  used  the  procedure  was  as  follows:  With  the  engine 
running  under  uniform  conditions  at  a  given  instant  a  marker  was 
set  on  the  gauge  glass.  At  the  end  of  the  run,  without  stopping 
or  disturbing  the  engine,  another  marker  was  set  at  the  level  of  the 
fuel  on  the  gauge  glass.  The  distance  between  these  marks  indi- 
cated the  weight  consumed.  To  obviate  the  use  of  the  lower  marker 
we  tried  disconnecting  the  suction  and  overflow  fuel  pipes  at  a  given 
instant,  but  there  was  no  evident  advantage  to  compensate  for  the 
increased  inconvenience  of  this  procedure. 

The  following  figures  show  the  quantities  used  in  the  calibration 
of  the  fuel  tank  and  the  tests  of  the  accuracy  of  the  calibration: 

October  23.  6  pounds  5  ounces  changed  level  7.18  inches;  hence 
1  inch  =  0.879  pound  of  alcohol. 

In  one  run  consumption,  by  weight,  was  4  pounds  1  ounce  in  13 
minutes  and  45  seconds,  or  .0.296  pound  per  minute. 

By  measurement  the  change  of  level  was  3.25  inches  in  9  minutes 
and'40  seconds,  or  0.336  inch  per  minute.  0.336X0.879  =  0.295 
pound  per  minute. 

In  another  run  consumption,  by  weight,  was  4  pounds  and  9  ounces 
in  19  minutes  and  45  seconds,  or  0.231  pound  per  minute.  Fall  of 
level  was  4.92  inches  in  18  minutes  and  45  seconds,  or  0.262  inch  per 
minute.    0.262  X  0.879  =  0.230  pound  per  minute. 

With  gasoline  5  pounds  8  ounces  changed  level  7.23  inches;  hence 
1  inch  =  0.761  pound  gasoline. 

A  252-pound  spring  was  used  for  taking  indicator  cards  in  all  cases, 
except  in  taking  compression,  cards  for  which  a  168-pound  spring  was 
used. 
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The  first  experiments  were  made  with  a  separate  vaporizer  situ- 
ated about  10  feet  from  the  engine.  Alcohol  was  delivered  in  excess 
to  the  vaporizer  by  means  of  the  pump  connected  to  the  engine. 
The  alcohol  flowed  down  over  metal  surfaces  in  the  chamber  of  the 
vaporizer  and  was  thus  exposed  to  surface  evaporation,  the  excess 
returning  by  gravity  to  the  fuel  tank.  Air  entered  from  above 
through  a  vertical  pipe,  reaching  nearly  to  the  bottom  of  the  vapo- 
rizer chamber,  then  rising  around  the  pipe,  and  in  contact  with  the 
alcohol  was  drawn  from  the  top  of  the  vaporizer  chamber  through 
the  pipe  to  the  engine.  By  varying  the  setting  of  the  auxiliary  air- 
inlet  cock  on  the  engine  the  strength  of  the  air  current  through  the 
vaporizer  could  be  regulated  as  desired.  The  vaporizer  chamber 
was  surrounded  by  a  water  jacket,  through  which  circulated  the 
cooling  water  from  the  engine  cylinders.  The  engine  was  run  on 
gasoline,  using  the  vaporizer  until  the  cylinders  were  well  warmed, 
and  there  was  a  plentiful  supply  of  hot  cooling  water  for  the  vaporizer. 
Then  the  gasoline  in  the  fuel  tank  was  replaced  by  alcohol,  but  at 
once  the  supply  of  fuel  received  was  insufficient  to  keep  up  an  explo- 
sive mixture.  While  the  engine  was  in  motion  without  load,  opening 
the  auxiliary  air  cock  wide  for  a  brief  interval  of  time,  so  as  to  stop 
the  current  of  air  drawn  through  the  vaporizer  followed  by  the 
closing  of  the  air  cock,  would  produce  a  few  explosions.  But  they 
would  at  once  become  weak  and  cease,  showing  an  insufficient  supply 
of  alcohol  vapor.  The  fact  that  the  air-suction  pipe  connecting  the 
vaporizer  to  the  engine  was  quite  warm  to  the  touch  and  that  the 
cooling  water  was  still  hot  upon  leaving  the  vaporizer  would  indicate 
that  there  was  an  abundant  quantity  of  heat  in  the  cooling  water, 
but  that  there  was  an  insufficient  surface  for  transferring  this  heat 
to  the  alcohol  with  the  rapidity  necessary  to  produce  the  requisite 
amount  of  vapor. 

After  this  the  ordinary  vaporizer  or  carbureter  of  engine  No.  1. 
previously  described,  was  substituted  and  used  throughout  the 
remainder  of  the  tests  for  both  gasoline  and  alcohol.  The  needle 
valve  on  this  carbureter  was  divided  into  ten  numbered  divisions 
on  its  head  to  indicate  the  degree  of  opening.  The  vacuum,  due  to 
the  suction  of  the  engine,  had  to  lift  the  fuel  from  the  constant  level 
surface  to  the  spraying  orifice  before  spraying  could  begin. 

The  first  series  of  tests  were  for  the  purpose  of  determining  whether 
there  was  saij  marked  difference  in  the  rate  of  flame  propagation  of 
gasoline  and  alcohol  mixtures  and  whether  under  ordinary  settings 
of  the  needle  valve  the  mean  effective  pressures  had  any  definite 
relation  for  the  two  fuels.  It  was  expected  that  some  information 
concerning  the  rate  of  propagation  could  be  obtained  by  an  exami- 
nation of  the  indicator  cards  for  alcohol  at  a  certain  point  of  ignition 
and  a  comparison  with  it  of  the  gasoline  card  taken  with  the  same 
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point  of  ignition.  The  point  of  ignition  of  these  engines  is  varied 
by  turning  the  head  of  a  spindle,  which  operates  the  eccentric  carry- 
ing the  eccentric  rod  which  trips  the  igniter.  Tins  head  was  divided 
by  numbers  varying  from  1  to  6,  6  giving  the  late  ignition  and  1  the 
early  ignition.  These  numbers  on  the  ignition  adjustment  head 
were  compared  for  the  position  of  the  piston,  the  per  cent  of  stroke 
from  dead  center  before  and  after.  The  results  of  this  are  given  in 
the  following  table: 

Table  IV. — Piston  positions  for  different  igniter  settings  on  engine  No.  1. 


Igniter 
adjust- 
ment No. 

Piston  position 
from  end  of  stroke. 

Per  cent  of 
stroke  from 
dead  cen- 
ter. 

Per  cent. 

|  inch  after 

+  1.2 

'  I 

0 

0.0 

inch  before 

-  3.1 

t 

lx56  inch  before 

-13.1 

2 

2|  inch  before 

-26.2 

1 

9|f  inch  before 

-98.1 

To  show  that  equal  divisions  of  this  igniter  head  did  not  correspond 
with  equal  positions  of  the  piston  stroke  the  above  numbers  are 
platted  on  figure  2.    It  should  be  noted  here  that  by  reason  of  the 
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Fig.  2.— Engine  No.  1.   Curve  showing  piston  position  at  time  of  ignition  for  different  settings  of 

igniter  adjustment. 


flexibility  of  the  rods  and  the  springing  of  the  igniter  itself  it  is  not 
at  all  likely  that  these  results  between  piston  position  and  igniter 
adjustment  number  will  be  maintained  when  the  engine  is  at  speed. 
It  is  easily  evident  that  the  weight  of  the  hand  on  the  rod!  will  change 


30 


the  point  of  ignition.  These  results  are  given,  however,  because 
they  are  believed  to  be  of  value  both  in  a  positive  and  negative  way. 
After  this  calibration  of  the  numbers  indicator  cards  were  taken  on 
both  alcohol  and  gasoline  at  each  number  as  near  as  possible.  For 
these  indicator  cards  it  was  necessary  to  adjust  the  needle  valve  for 
the  best  mixture,  and  for  this  purpose  the  most  skilled  workman  in 
the  shop  was  employed. 

The  following  set  of  indicator  cards  (PL  III)  is  presented  for  each 
of  the  ignition  numbers  at  which  cards  could  be  taken.  Each  card 
is  marked  with  its  mean  effective  pressure  and  with  the  corresponding 
time  of  ignition,  expressed  by  the  distance  of  the  position  of  the 
piston  from  the  dead  center  as  a  per  cent  of  the  whole  piston  stroke. 
When  the  ignition  is  before  dead  center,  the  per  cent  is  marked  minus; 
when  after  dead  center  it  is  marked  plus.  The  cards  show  that  a 
change  in  the  time  of  ignition  had  less  effect  when  using  alcohol 
than  when  using  gasoline.  They  also  show  that  in  general  the 
ignition  should  be  a  little  earlier  for  alcohol  than  for  gasoline,  and  it 
seemed  to  prove  that  the  rate  of  propagation  for  alcohol  mixtures 
is  less  than  for  gasoline  mixtures.  For  both  kinds  of  fuel  a  change 
in  the  point  of  ignition  had  the  greatest  effect  when  it  took  place 
nearest  dead  center.  These  indicator  cards  were  measured  by  the 
planimeter  and  the  mean  effective  pressure  determined.  These 
mean  effective  pressures  for  both  gasoline  and  alcohol  are  given  in 
the  following  table: 

Table  V. — Mean  effective  -pressure  for  different  points  of  ignition,  engine  No.  1. 


Indi- 
cator 
card. 


Fuel. 


Gasoline. 


.do. 
.do. 
.do. 
.do. 

.do. 
.do. 


....do.. 
....do.. 
Alcohol. 


Igniter 
scale. 


Ignition 
per  cent 


2.0 

-26 

2.5 

-19 

3.0 

-13 

3.5 

-  8 

4.0 

-  3 

4.5 

-  1 

5.0 

0 

5.5 

+  0.5 

6.0 

+  1 

1.88 

-30 

2.0 

-26 

2.5 

-19 

2.5 

-19 

3.0 

-13 

3.25 

-10 

3.5 

-  8 

4.0 

-  3 

4.5 

-  1 

5.0 

0 

5.5 

+  0.5 

6.0 

+  1 

Mean  effective 
pressure. 

Pounds  per 
square  inch. 
87.8  maximum. 

54. 2  minimum. 
77.9 

85.6 
89.4 
92.4 

92.  4  maximum. 

91.7  minimum. 

87.8  maximum. 
84. 7. minimum. 
79.  4  maximum. 

76.3  minimum. 
72.6 

80.2  maximum. 

67. 9  minimum. 

76.3  maximum. 

68.8  minimum. 

77. 9  maximum. 
75. 6  minimum. 
81,0 

86.3 
87.8 

88. 6  maximum. 
87.8  minimum. 

87.8  maximum. 

84.7  minimum. 
84.7  maximum. 
76.3  minimum. 
71.0  maximum. 
65.6  minimum. 
73.3  maximum. 
64.2  minimum. 
69.5  maximum. 

64.9  minimum. 


U.  S.  Dept.  of  Agr.,  Bui.  191,  Office  of  Expt. 


GASOLINE  FUE 


INDICAT' 


Indicator  Cards,  Engine  No.  1.  Showing  Effect  of  Change  of  Point  of  Ignition. 
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There  are  reported  in  some  cases  two  values  for  one  card.  This  is 
simply  because  the  engine  in  operating  gave  two  lines  on  successive 
strokes  with  quite  different  pressures,  as  is  very  common  with 
engines  of  this  class  when  the  mixture  on  successive  strokes  is  not 
exactly  the  same  and  where  possibly  also  the  ignition  varies  slightly, 
due  to  the  springing  of  the  igniter.  The  results  of  these  experiments 
are  platted  in  figure  3.  A  few  additional  points  are  also  platted, 
obtained  from  duplicate  cards  not  listed  in  Table  V.  It  would  appear 
from  an  examination  of  these  curves  more  clearly  than  from  an  exami- 
nation of  the  table  that  the  gasoline  gave  for  any  given  point  of  igni- 
tion a  higher  mean  effective  pressure  than  for  alcohol,  and  we  at  first 
believed  this  to  be  true  from  these  data.    Subsequently  we  found 
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-    Fig.  3.— Engine  No.  1.   Mean  effective  pressure  as  affected  by  time  of  ignition. 

that  this  was  not  true  when  we  discovered  that  we  were  able  to  adjust 
the  carbureter  better  than  the  skilled' workman.  It  would  appear 
from  these  curves  that  gasoline  is  capable  of  giving  a  higher  maximum 
mean  effective  pressure  than  -alcohol.  This  we  subsequently  found 
was  not  true  either,  but  that  with  the  best  adjustments  alcohol  gener- 
ally gives,  though  not  always,  a  higher  mean  effective  pressure  and 
higher  horsepower.  The  principal  conclusions  that  can  be  drawn 
from  these  examinations  of  the  point  of  ignition  as  affecting  the  mean 
effective  pressure  with  the  different  fuels  is  that  alcohol  does  not 
behave  materially  different  from  gasolinp  and  that  no  change  in  the 
igniter  is  necessary  if  ordinary  adjustments  now  common  be  employed. 
2999— Xo.  191—07  3 
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During  these  trials  it  became  perfectly  evident  that  the  engine 
operated  quite  satisfactorily  on  alcohol  and  quite  as  well,  if  not  better, 
than  on  gasoline.  When  gasoline  was  tried  on  early  ignitions  or  high 
compressions  the  rate  of  propagation  was  so  high  that  an  explosive 
wave  was  generated,  This  explosive  wave  subjected  the  engine  to 
violent  shocks,  which  made  it  rock  and  vibrate  violently  and  probably 
would  have  affected  the  bearings  in  time.  Alcohol,  on  the  contrary, 
invariably  gave  smooth  running  so  that  the  engine  was  able  to  operate 
without  shocks.  This  is  seen  quite  clearly  from  the  set  of  cards 
presented  in  Plate  III  (p.  30).  It  also  appears  that  not  only  did  the 
engine  run  smoothly  with  alcohol,  and  in  general  more  smoothly  than 
with  gasoline,  but  after  a  few  days  experimenting  with  the  engine  it 
could  be  started  as  well  on  alcohol  as  on  gasoline.  This  is  directly 
contrary  to  many  of  the  foreign  reports  concerning  the  difficulty  in 
starting,  and  which  therefore  seemed  to  call  for  heat  in  the  carbureter. 
In  our  subsequent  tests  we  found  heat  to  be  desirable,  but  not  espe- 
cially necessary  for  starting.  Heat  was  necessary  for  complete  vapori- 
zation of  the  alcohol,  since  we  found  that  vaporization  was  incomplete 
in  ordinary  carbureters,  as  will  be  pointed  out  in  the  proper  place. 

When  it  came  to  operating  the  engine  for  best  economy  we  were 
face  to  face  with  the  difficulty  of  adjusting  the  engine  with  respect  to 
ignition,  mixture,  and  load,  as  it  is  well  known  that  varying  these  has 
an  important  effect  on  the  economy.  In  general,  best  consumptions 
are  obtained  at  full  load  and  we  assumed  the  engine  to  be  at  full  load 
when  the  governor  cut  out  about  one  admission  in  every  ten.  This 
permitted  the  engine  to  run  at  proper  speed  and  it  was  found  that 
with  much  fewer  cut-outs  than  this  there  would  be  a  falling  off  in  speed. 
It  was  therefore  determined  that  the  igniter  and  carbureter  should 
be  set  to  give  the  best  economy  at  whatever  load  corresponded  to  fuel 
cut-outs  of  one  in  ten.  This  was  found  to  be  not  at  all  easy.  The  two 
factors,  carbureter  setting  and  ignition,  involve  four  variables,  as 
the  carbureter  adjustment  called  for  three  settings — first,  two  needle- 
valve  settings,  one  for  each  cylinder,  and  a  setting  of  the  auxiliary 
air  cock.  In  all  of  the  tests  the  cooling  water  was  kept  as  nearly  con- 
stant in  temperature  as  possible,  about  180°  F.  As  in  this  carbureter 
only  part  of  the  air  passes  through  the  vaporizer,  the  remainder  com- 
ing through  the  air  pipe  under  hand  control  by  the  cock  shown  in  the 
photograph,  it  was  necessary  to  cut  down  the  supply  of  air  by  this 
cock  until  a  sufficient  vacuum  was  formed  to  lift  the  alcohol  and  spray 
it,  but  a  closing  of  the  air  valve  imposed  a  vacuum  on  the  suction 
stroke  and  reduced  the  change  so  that  in  truth  the  auxiliary  air  valve 
should  be  open  as  wide  as  is  consistent  with  securing  the  spray.  Each 
cylinder  had  a  separate  needle  valve  and  when  the  engine  was  working 
properly  it  was  found  that  both  needle  valves  should  be  set  the  same, 
but  on  several  occasions  one  or  the  other  of  the  spraying  nozzles 
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seemed  to  become  clogged  with  dirt,  which  required  a  different  setting 
of  the  two. 

To  determine  when  the  best  settings  had  been  obtained  two  criteria 
were  used — first,  the  number  of  missed  strokes  produced  by  the  gov- 
ernor and,  second,  the  maximum  load  that  could  be  carried  by  the 
engine.  To  use  the  first  criterion,  the  governor  was  so  arranged  that 
all  the  misses  occurred  on  one  cylinder,  the  other  cylinder  taking  a  fuel 
charge  regularly  every  cycle.  The  load  was  run  up  until  there  was 
about  one  miss  in  ten.  Then  with  the  load  constant  the  number  of 
misses  was  counted  and  that  adjustment  of  the  valves  was  considered 
the  best  which  gave  the  greatest  number  of  misses.  The  difficulty 
with  this  method  was  that  the  cut-out  mechanism  of  the  governor  was 
not  very  delicate  and  as  often  as  not  two  misses  occurred  in  succession. 
This  greatly  disturbed  the  regularity  and  number  of  misses.  For  if  a 
single  miss  were  occurring,  say  every  sixth  cycle,  a  double  miss  would 
be  followed  by  perhaps  20  or  more  cycles  before  the  next  miss 
occurred.  Moreover,  without  changing  any  adjustment  of  the  engine, 
the  number  of  misses  seemed  to  fluctuate  somewhat,  owing  to  the  occur- 
rence of  single  and  double  misses  and  perhaps  also  to  other  causes. 
Hence  the  effect,  if  small,  of  a  change  of  adjustment  was  only  deter- 
mined with  difficulty  and  with  considerable  doubt  attached  to  the 
conclusion  at  best. 

To  use  the  second  method — namely,  maximum  load  that  could  be 
carried — the  load  was  slowly  increased  until  no  misses  occurred. 
Then  adjustments  were  changed  and  the  speed  watched.  An 
improvement  would  be  detected  by  causing  a  miss  or  allowing  a 
higher  load  to  be  carried,  while  a  less  advantageous  setting  would 
result  in  a  slowing  down  of  the  engine.  The  disadvantages  of  this 
method  were  that  near  the  best  adjustment  slight  differences  were  not 
obvious,  and  that  if  a  bad  adjustment  were  tried,  which  slowed  down 
the  engine  perceptibly,  the  engine  could  not  recover  its  speed  until 
the  load  was  thrown  off,  and  then  considerable  time  was  required  to 
adjust  the  load  properly  again.  Hence  neither  method  of  testing  the 
best  adjustment  was  entirely  satisfactory,  and  we  used  either  or  both 
as  seemed  most  convenient,  checking  one  method  against  the  other. 
It  will  be  noticed  that  all  this  discussion  is  based  upon  the  assumption 
that  the  maximum  load  obtainable  from  the  engine  coincides  with 
the  most  economical  fuel  consumption,  an  assumption  which,  with 
this  fuel,  liquid  alcohol,  used  by  means  of  an  unheated  vaporizer,  is 
at  least  unproved. 

The  operation  of  adjusting  the  engine  after  starting  it  usually  pro- 
ceeded about  as  follows: 

As  soon  as  the  engine  started  on  the  alcohol  fuel  the  auxiliary  air 
valve  was  opened  until  the  sound  and  vibration  indicated  that  good 
strong  explosions  were  being  obtained.    Then  the  load  was  put  on 


34 


until  misses  were  occurring  only  about  once  in  ten  cycles.  The 
needle  valves  and  also  the  air  cock  were  set  approximately  correct  by 
moving  them  rather  rapidly  and  watching  the  misses.  If  warranted, 
the  load  was  increased,  then  the  ignitions  were  tested  by  taking  indi- 
cator cards,  and  the  needle  valves  and  air  cock  again  varied  and  set 
more  carefully.  These  operations  were  repeated  as  many  times  as 
seemed  necessary  to  secure  the  best  setting  possible.  The  relation 
between  the  needle-valve  settings  and  the  air-cock  setting  renders  the 
best  adjustment  of  the  two  somewhat  difficult.  For  example,  if  with 
the  air  cock  at  one-fourth  it  is  found  that  the  best  needle-valve  setting 
is  at  3,  when  the  air  cock  is  opened  to  one-half  the  best  corresponding 
needle  setting  may  be  at  5,  and  the  difference  between  these  two 
pairs  of  best  settings  may  be  imperceptible.  We  found  substantially 
this  to  be  the  case — that  if  both  air  cock  and  needle  valves  were  opened 
or  closed  together  the  effect  on  the  engine  was  scarcely  perceptible, 
but  if  either  one  alone  was  changed,  the  effect  was  much  more  appa- 
rent. We  also  found  on  various  occasions  that  a  change  in  adjust- 
ment, which  produced  no  effect  on  the  running  of  the  engine,  sufficient 
to  be  apparent  to  the  eye,  still  made  a  very  considerable  difference 
in  fuel  consumption. 

The  fuel  pump  valves  and  packing  were  a  source  of  some  difficulty 
and  were  opened  a  number  of  times  for  inspection  and  cleaning.  The 
necessity  of  making  measurements  of  the  fuel  consumed,  and  of  fre- 
quently changing  from  alcohol  to  gasoline,  requiring  the  disconnecting 
of  the  fuel  pipes  between  the  tank  and  engine  in  order  to  empty  the 
tank,  offered  abundant  opportunity  for  dirt  to  work  into  the  fuel. 
Hence,  we  had  more  or  less  difficulty  with  clogging  of  the  needle  valves 
and  spray  orifices.  Twice  it  became  impossible  to  obtain  sufficient 
fuel  in  one  cylinder  to  produce  a  strong  explosion,  and  upon  removal 
of  the  vaporizer  affected  a  tiny  piece  of  waste  was  found  clogging  it. 
No  provision  exists  in  the  vaporizer  for  getting  at  the  spray  orifices 
conveniently  for  examination  or  cleaning. 

When  the  clogging  was  only  slight,  we  were  able  to  offset  it  largely 
by  suitably  increasing  the  suction  by  closing  the  air  cock,  opening  up 
the  needle  valve,  and  closing  somewhat  the  needle  valve  of  the  cylin- 
der of  the  valve  not  affected. 

In  all,  much  more  time  was  consumed  in  completing  and  testing 
adjustments,  preparatory  to  the  fuel-consumption  runs,  than  in  the 
actual  runs  themselves. 

RESULTS  OF  TESTS. 

Fifteen  consumption  tests  were  made  on  the  engine  No.  1,  of  which 
number,  four  were  with  gasoline  as  fuel  and  eleven  were  with  alcohol 
fuel.  The  detailed  results  of  these  tests  are  given  in  Table  VI.  The 
first  six  runs  reported  in  the  table  were  made  with  the  engine  in  its 
ordinary  condition.    The  compressions,  as  measured  on  the  indicator 
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cards,  were  67  pounds  on  cylinder  Xo.  1  and  68  pounds  on  cylinder 
Xo.  2. 

Following  these  runs,  compression  plates  eleven-sixteenths  of  an 
inch  thick  were  bolted  to  the  inside  of  the  cylinder  heads7  reducing  the 
volume  of  the  combustion  chamber  and  increasing  the  compression 
to  88  pounds  in  cylinder  Xo.  1,  and  86  pounds  in  cylinder  No.  2. 
The  next  five  runs  were  taken  with  this  compression,  after  which 
plates  1|  inch  thick  were  put  in  place  of  those  previously  used,  giv- 
ing a  compression  of  111  pounds  in  cylinder  Xo.  1  and  107  pounds 
in  cylinder  Xo.  2.    This  compression  was  used  for  the  last  four  runs 
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In  some  cases  the  indicated  horsepower  given  is  not  obtained 
directly  from  the  mean  effective  pressure  and  the  number  of  fuel 
admissions  given  in  the  table.  This  is  on  account  of  discrepancies 
between  the  number  of  fuel  admissions  and  the  number  of  explosions, 
as  explained  later.  Each  case  is  described  in  detail  later  under  the 
discussion  of  results. 

The  column  headed  friction  horsepower  is  the  difference  between  - 
the  total  indicated  horsepower  and  the  brake  horsepower.  It  is 
probable  that  this  column  should  be  nearly  constant,  perhaps  between 
1.5  and  2.  The  widely  different  values  shown  for  the  different  tests 
indicate  the  difficulty  of  obtaining  consistent  test  results  under  vary- 
ing conditions.  Probably  the  discrepancies  in  this  column  are  mostly 
due  to  doubtfulness  in  the  values  of  the  indicated  horsepower.  The 
mechanical  efficiency  is  the  ratio  of  the  brake  horsepower  to  the  total 
indicated  horsepower  given. 

The  last  column  of  the  table  is  calculated  on  the  weights,  5.91 
pounds  per  gallon  of  gasoline  and  6.83  pounds  per  gallon  of  alcohol. 

A  typical  card  for  each  one  of  these  runs  is  given  in  Plate  IV. 

In  the  reproduction  of  the  cards  no  attempt  was  made  to  draw  the 
narrow  lower  suction  loop,  but  the  atmospheric  line  is  drawn  in  its 
proper  relative  position.  Each  card  is  marked  with  the  number  of  the 
test  to  which  it  belongs,  and  with  the  mean  effective  pressure  deter- 
mined as  an  average  of  the  normal  cycles  on  all  the  cards  measured 
belonging  to  the  same  test.  Where  an  extremely  high  or  low  cycle 
occurs  the  average  mean  effective  pressure  of  such  cycles  is  indicated, 
but  usually  the  average  of  the  normal  only  is  given.  Hence,  usually 
the  actual  measured  mean  effective  pressure  of  the  card  reproduced 
differs  from  the  value  written  on  the  card,  but  the  difference  is  gener- 
ally quite  slight. 

It  is  somewhat  difficult  to  pick  out  typical  indicator  cards,  as  there 
were  in  every  case  several  different  cards  on  each  sheet  for  successive 
strokes  owing  to  the  inability  of  the  carbureter  to  maintain  exactly'the 
same  mixture  even  when  the  load  was  steady.  With  light  loads  the 
governor  causes  the  mixture  valve  to  remain  closed,  but  the  engine 
gets  enough  air  through  the  auxiliary  air  cock  so  that  the  burnt  gases 
which  are  ordinarily  in  the  clearance  after-  an  explosion  are,  after  a 
miss,  replaced  by  pure  air.  However,  with  the  air  cock  partially 
closed,  as  was  usually  necessary  in  order  to  secure  a  satisfactory  spray- 
ing of  the  fuel  in  the  carbureter,  the  amount  of  air  passing  through  the 
air  cock,  when  the  fuel  valve  remains  closed,  is  measurably  less* than 
enters  the  cylinder  on  a  fuel  admission  stroke.  The  reduced  amount 
of  air  in  the  cylinder  is  shown  by  the  lowered  compression  line  on  the 
indicator  card.  But  with  any  supply  of  fresh  air  furnished  to  the 
cylinder,  it  is  evident  that  if  fuel  is  present  which  has  been  vaporized 
since  the  preceding  explosion  a  weak  explosion  may  be  produced  on  a 
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supposedly  missed  fuel  admission.  Such  explosions  are  shown  on 
cards  2b,  5b,  13a,  14a,  15a,  and  15b,  Plate  IV  (p.  36).  These  low 
cards  were  at  first  thought  to  be  entirely  due  to  the  fact  that  the 
alcohol  had  to  be  lifted  about  1  inch  by  the  suction  in  the  carbureter 
and  that  this  lift  must  be  very  quick,  calling  into  play  the  inertia  of 
the  liquid  so  that  the  first  charge  after  a  miss  explosion  would  get  a 
less  amount  of  fuel  in  the  mixture  than  the  following  one,  where  the 
more  steady  flow  was  obtained.  There  was  ample  evidence  of  such 
action,  but  this  does  not  explain  the  explosions  on  miss  strokes.  It 
was  absolutely  proven  by  close  observation  that  these  feeble  cards 
were  the  result  of  unburned  liquid  alcohol  subsequently  vaporized  and 
exploding  during  what  was  supposed  to  be  a  miss  stroke.  Later 
experiments  confirmed  this  conclusion,  that  a  carbureter  of  this  type, 
while  it  may  be  capable  of  supplying  enough  vapor  to  do  good  work, 
only  supplied  that  vapor  quickly  enough  when  excess  liquid  fuel  is 
used.  Excess  liquid  fuel  so  supplied  will  vaporize  during  the  explo- 
sion or  may  lie  in  the  passages  and  vaporize  subsequently,  during 
what  are  supposed  to  be  miss  explosions.  In  all  cases  some  com- 
bustible vapor  will  in  all  probability  be  carried  out  in  the  exhaust 
pipe  unburned. 

DISCUSSION  OF  RESULTS. 

For  test  No.  1  gasoline  was  used  as  a  fuel.  The  engine  was  started 
and  adjusted  by  a  skilled  workman  in  the  shops  of  the  builders,  a  man 
whose  whole  time  is  given  to  the  erection  and  adjustment  of  such 
engines.  The  engine  operated  perfectly,  and,  so  far  as  could  be  deter- 
mined by  external  appearances,  was  running  satisfactorily  in  every 
way.  The  consumption  was  0.92  pound  per  brake  horsepower  hour. 
This  may  be  compared  with  the  results  of  test  No.  6,  in  which  the  con- 
sumption was  0.72  pound  of  gasoline  per  brake  horsepower  hour,  a 
saving  of  over  20  per  cent.  The  latter  test  was  made  under  condi- 
tions practically  identical  with  the  former,  except  for  the  setting  of  the 
needle  and  air  valves.  In  the  latter  test  the  adjustment  was  made  by 
us.  In  test  No.  6  the  adjustments  differed  from  those  in  test  No.  1, 
only  in  having  the  air  valve  open  considerably  more  and  the  needle 
valves  slightly  more  open.  This  reduced  the  amount  of  negative 
work  in  the  cylinder  during  the  suction  stroke,  and  hence  increased  the 
vCompression  and  probably  used  also  a  somewhat  weaker  fuel  mixture. 

That  too  rich  a  fuel  mixture  was  being  used  is  shown  by  the  indica- 
tor cards.  The  governor  was  so  set  that  all  the  misses  occurred  on 
cylinder  No.  2.  Card  lb  from  this  cylinder  shows  a  large  cycle  which 
occurred  just  after  a  miss,  when  the  burnt  gases  in  the  clearance  space 
had  been  replaced  by  fresh  air,  enabling  the  excess  fuel  to  be  burned. 
On  four  cards  this  unusually  large  cycle  was  measured.  The  extreme 
results  were  111  and  106  pounds,  respectively,  for  the  mean  effective 
pressure,  and  the  average  of  the  four  was   108.8  pounds.  This 
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increase  in  the  mean  effective  pressure  after  every  miss  is  equivalent 
to  increasing  the  number  of  ordinary  explosions  by  3.  Hence  the 
indicated  horsepower  for  cylinder  No.  2  was  calculated  by  using  90.4 
for  the  mean  effective  pressure  and  129  as  the  number  of  explosions 
per  minute.  This  gives  a  result  which  seems  too  high  in  comparison 
with  the  brake  horsepower,  but  possibly  the  latter  may  be  some- 
what too  low,  owing  to  some  error  in  the  adjustment  in  the  brake  on 
this  first  test. 

In  test  No.  6  the  indicator  cards  from  cylinder  No.  1  show  no 
appreciably  higher  mean  effective  pressure  after  a  miss,  and  the  mean 
effective  pressure  in  both  cylinders  is  less  than  in  test  No.  1  on 
account  of  the  weaker  fuel  mixture. 

Tests  Nos.  2  to  5  were  run  on  alcohol  as  a  fuel;  for  test  No.  2  the 
adjustment  was  made  by  an  experienced  mechanic,  and  for  test  No. 
3  by  us,  with  a  corresponding  reduction  in  fuel  consumption  from 
1.41  pounds  to  1.17  pounds  per  brake  horsepower  hour,  a  saving  of 
about  17  per  cent.  The  difference  in  the  adjustments  for  the  two 
cases  consisted  in  having  in  test  No.  3  the  needle  valve  considerably 
more  closed  and  the  air  valve  slightly  more  closed.  Hence,  although 
this  increased  slightly  the  suction  in  the  cylinders,  the  increased  nega- 
tive work  was  more  than  compensated  by  the  reduction  in  the  fuel 
supplied,  owing  probably  to  more  complete  vaporization  caused  by 
higher  velocity.  It  will  be  noticed  that  in  test  No.  2  the  number  of 
missed  fuel  admissions  is  greater  than  for  test  No.  3,  although  the 
fuel  consumption  was  also  greater  in  test  No.  2.  This  is  partly  due. 
to  the  higher  mean  effective  pressure  obtained  for  the  richer  mixture 
of  test  No.  2  and  partly  to  the  use  of  residue  fuel  on  the  missed  fuel 
admission  strokes,  as  previously  explained. 

All  the  missed  fuel  admissions  occurred  in  cylinder  No.  2,  and  card 
No.  2b  shows  an  explosion  following  the  low  compression  of  a  missed 
fuel  admission.  Measurement  of  this  cycle  gives  a  mean  effective 
pressure  of  63.3  pounds.  Such  an  explosion  occurring  every  miss, 
would  be  equivalent  to  19  additional  explosions  per  minute,  having 
the  average  mean  effective  pressure  91.6  pounds;  hence  the  indi- 
cated horsepower  given  in  the  table  was  computed  with  134  explo- 
sions. If  the  indicated  horsepower  had  been  computed  with  115 
explosions,  a  value  smaller  by  1.5  horsepower  would  have  been 
obtained,  and  the  total  indicated  horsepower  for  the  engine  would 
have  been  only  0.1  more  than  the  brake  horsepower. 

The  cards  from  test  No.  3  show  no  explosions  on  the  missed  fuel 
admissions,  and  the  mean  effective  pressures  are  lower  on  account  of 
the  weaker  mixture  used. 

For  tests  3,  4,  and  5  the  adjustments  of  the  engine  were  kept 
practically  unchanged,  except  for  the  change  in  the  brake  load.  The 
consumption  per  brake  horsepower  hour  was  much  increased  as  the 
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load  was  reduced,  varying  from  1.17  pounds  per  brake  horsepower  hour 
for  full  load  to  1.71  pounds  per  horsepower  hour  at  about  half  load. 
The  governor  was  set  so  that  with  the  range  of  load  used  practically 
all  the  misses  occurred  in  one  cylinder,  while  the  other  cylinder  regu- 
larly took  a  full  fuel  charge.  As  a  result  of  this  a  very  curious  state 
was  observed  on  the  indicator  cards.  The  cards  from  the  cylinder 
working  continuously  were  uniform  and  showed  satisfactory  com- 
bustion. From  the  other  cylinder  the  cards  were  extremely  variable. 
They  showed  that  on  the  first  miss  there  was  a  slow  combustion  in 
the  cylinder,  presumably  due  to  unvaporized  fuel  remaining  from  the 
previous  charge.  Also  on  the  first  charge  after  a  miss  the  explosion 
was  very  weak,  the  next  explosion  was  slightly  stronger,  and  there 
would  follow  a  building  up  effect,  so  that  after  four  to  six  successive 
explosions  a  satisfactory  card  would  again  be  produced.  When  the 
misses  came  so  often  that  there  were  not  four  «or  more  explosions  in 
succession  no  satisfactory  cards  were  obtained  from  that  cylinder. 
We  found  by  frequent  trial  that  when  the  fuel  charges  were  less  than 
one  in  four  the  engine  seemed  to  run  just  as  well  with  that  cylinder 
cut  out  entirely. 

The  variations  in  the  indicator  cards  make  their  measurement,  and 
consequently  the  calculation  of  the  indicated  horsepower,  very 
uncertain. 

Tests  Nos.  7,  8,  and  9  used  alcohol  as  fuel  under  an  increased  com- 
pression. The  engine  adjustments  were  unchanged  during  the  three 
runs,  having  been  set  for  the  most  economical  consumption  under 
full  load.    The  results  may  be  compared  with  tests  3,  4,  and  5. 

Card  7a  shows  a  low  cycle.  The  measurement  of  similar  cycles  on 
two  cards  gave  mean  effective  pressures  of  56.2  and  54.9  pounds 
respectively.  An  inspection  of  the  cards  themselves  does  not  show 
with  certainty  whether  these  low  explosions  occurred  on  a  miss  or 
on  the  first  fuel  admission  following  a  miss.  However,  calculating 
the  indicated  horsepower  from  the  counted  number  of  fuel  admis- 
sions and  the  average  maximum  mean  effective  pressure  gives  a 
value  less  than  the  brake  horsepower  by  0.3.  But  assuming  every 
miss  to  have  an  explosion  equal  to  those  measured,  the  total  indi- 
cated horsepower  is  only  0.7  greater  than  the  brake  horsepower. 
This  serves  again  to  illustrate  the  unsatisfactory  nature  of  the  calcu- 
lation of  indicated  horsepower. 

Since  the  compression  line  on  a  miss  on  card  7a  is  not  appreciably 
lower  than  the  usual  compression  line,  probably  the  air  cock  was  too 
wide  open  and  the  suction  in  the  carbureter  accordingly  too  low  to 
secure  sufficient  vaporization  of  the  alcohol  fuel,  with  the  result  that 
unvaporized  alcohol  produced  the  explosions  on  the  missed  fuel  admis- 
sions. The  indicated  horsepower  could  be  determined  only  approxi- 
mately from  cards  8  and  9. 
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Tests  10  and  11  used  gasoline  as  fuel.  Under  the  high  compression 
hammering  was  prevented  only  with  difficulty  by  having  a  late  igni- 
tion. In  test  No.  10  the  valves  were  adjusted  with  the  aim  to  make 
the  engine  carry  the  same  brake  load  that  it  had  easily  carried  on 
alcohol.  It  is  apparent  that  the  engine  was  only  barely  able  to  carry 
the  load.  In  test  No.  11  the  load  and  valve  settings  were  the  same 
as  in  test  No.  6,  previously  conducted  under  the  lower  compression, 
and  the  results  show  that  the  fuel  consumption  was  not  appreciably 
affected  by  the  change  in  compression.  In  test  No.  10  the  needle 
valves  were  more  open  and  the  air  valve  less  open  than  in  test  No. 

11,  with  a  consequent  much  increased  fuel  consumption.  The  large 
difference  between  the  results  of  these  two  tests  shows  either  that 
running  the  load  too  high  reduces  the  economy  or  that  the  adjust- 
ment in  test  No.  10  was  far  from  being  the  best  possible. 

Tests  12  to  15  were  on  alcohol  with  the  highest  compression.  No 
gasoline  test  was  attempted  with  this  compression,  as  it  would  have 
been  impossible  to  make  the  engine  run  satisfactorily.    In  test  No. 

12,  with  full  load  and  best  adjustment,  the  fuel  consumption  was  the 
same  as  with  the  previous  compression.  During  the  test  the  vapor- 
izer of  cylinder  No.  2  became  slightly  clogged,  producing  irregular 
indicator  cards,  and,  except  for  an  attempt  to  counteract  this  by  a 
slight  change  in  adjustment,  the  intention  was  to  have  test  No.  13 
under  the  same  conditions  as  No.  12,  except  for  the  reduced  brake 
load.  But  the  consumption  found  in  test  No.  13  was  unexpectedly 
large  and  at  the  same  time  the  indicator  cards  on  cylinder  No.  1 
were  very  poor.  So  an  attempt  was  made  to  find,  by  means  of  indi- 
cator cards,  the  best  setting  for  cylinder  No.  1,  with  everything  else 
unchanged.  Many  settings  were  tried,  and  it  was  found  that  open- 
ing the  needle  valve  improved  the  cards  in  two  ways— first,  by  giving 
a  better  card  on  the  first  explosion  which  followed  a  miss,  and,  sec- 
ond, by  giving  a  better  card  on  the  explosion  which  invariably  occurred 
on  the  first  miss  of  a  series  of  cut-out  fuel  charges.  This  showed,  of 
course,  that  the  engine  was  receiving  excessive  charges  of  fuel,  part 
of  which  remained  unvaporized  in  the  valve  chamber.  With  what 
appeared  to  be  the  best  setting  test  No.  14  was  made  with  a  reduc- 
tion in  fuel  consumed  of  16  per  cent  as  compared  with  test  No.  13. 

Similarly  test  No.  15  was  carried  out  with  what  seemed  to  be  the 
best  settings  of  both  needle  valves  according  to  the  indicator  diagrams. 
The  fuel  consumption,  however,  was  not  so  low  as  previously  obtained 
with  the  lower  compression  in  test  No.  9  with  the  same  load. 

On  card  13a  three  kinds  of  cycles  occur — explosions  on  a  miss,  low 
explosions  on  a  fuel  admission,  and  high  explosions  on  a  fuel  admis- 
sion. Since  fuel  was  admitted  about  half  the  time,  it  seems  probable 
that  the  series  of  fuel  admissions  and  misses  occurred  in  the  following 
order:  Two  fuel  admissions,  two  misses,  two  admissions,  two  misses, 
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and  so  on.  On  the  first  admission  of  a  pair  an  insufficient  supply  of 
fuel  produced  a  weak  explosion,  which  required  a  second  explosion  to 
bring  up  the  speed.  The  second  explosion  was  high.  Owing  to  excess 
of  fuel  and  giving  too  high  a  speed,  the  governor  cut  out  on  the  next 
stroke;  but  the  residual  fuel  gave  a  weak  explosion,  maintaining 
the  speed  and  causing  the  governor  to  cut  out  again.  On  the  second 
cut  out  there  was  no  explosion,  after  which  the  series  was  repeated. 

Since  the  sum  of  the  mean  effective  pressures  on  the  miss  and  on 
the  weak  fuel  admission  explosion  is  about  equal  to  the  pressure  on 
the  strong  explosion,  the  counted  number  of  fuel  admissions  with  the 
regular  strong  explosion  pressure  were  used  to  compute  the  indicated 
horsepower  given. 

Card  14a  was  treated  somewhat  similarly,  only  since  the  weak 
explosions  were  somewhat  stronger  the  mean  effective  pressure  on  the 
first  miss,  on  the  first  weak  fuel  admission  explosion,  and  on  the 
second  strong  fuel  admission  explosion  were  all  added  together  and 
were  divided  by  two  to  give  an  average  value  (97.7  pounds),  correspond- 
ing; to  the  recorded  number  of  fuel  admissions.  On  the  two  cards 
measured  the  average  values  thus  obtained  were,  respectively,  97.9 
and  97.5  pounds. 

For  card  15a  the  explosions  on  the  misses  seem  to  be  as  numerous 
as  on  the  fuel  admissions.  For  the  two  cards  measured  the  mean 
effective  pressures  on  the  misses  were  47.1  and  42.6  pounds,  respec- 
tively, and  on  the  fuel  admissions,  73.6  and  74.3  pounds,  respectively. 
These  results  were  added  together,  giving  118.8  pounds  as  the  average 
value  used  with  the  counted  number  of  fuel  admissions. 

Card  15b  shows  two  types  of  explosions  on  the  missed  fuel  admis- 
sion. The  three  cards  measured  gave  quite  consistent  mean  effective 
pressures  for  the  explosions  of  different  types,  as  follows:  For  the 
weak  explosions  on  misses,  25.7,  27.2,  and  24.9  pounds,  respectively; 
for  the  stronger  explosions  on  misses,  53.2,  53.2,  and  51.7  pounds, 
respectively,  and  for  the  average  pressures  on  fuel  admissions,  84.9, 
84.2,  and  83.4  pounds,  respectively.  All  the  cards  show  fewer  explo- 
sions on  misses  than  on  fuel  admissions.  Either  of  two  assumptions 
might  be  made.  First,  that  the  misses  occurred  in  pairs  with  an 
explosion  on  each  miss,  the  stronger  explosion  coming  on  the  first 
miss  of  the  pair  and  the  weaker  explosion  on  the  second.  But  a 
second  and  more  reasonable  supposition  seems  to  be  that  the  weak 
explosion  follows  a  single  fuel  admission  and  the  stronger  explosion 
follows  a  series  of  two  or  more  consecutive  fuel  admissions.  However, 
assuming  an  explosion  on  every  miss  and  that  the  number  of  weak 
explosions  is  the  same  as  the  number  of  stronger  explosions,  the  same 
calculated  result  is  reached,  whichever  of  the  above  assumptions  is 
chosen.  Thus  it  was  estimated  that  the  explosions  on  the  misses 
were  equivalent  to  28  fuel-admission  explosions  per  minute,  and  the 
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indicated  horsepower  for  cylinder  No.  2  was  calculated  on  111  explo- 
sions per  minute. 

It  is  of  course  recognized  that  the  above  methods  of  treating  the 
explosions  on  missed  fuel  admissions  are  somewhat  arbitrary.  The 
results  are  not  of  great  value  except  so  far  as  they  throw  light  on  the 
curious  action  of  alcohol  fuel  in  the  cylinder.  The  remarkable  con- 
sistency of  the  different  indicator  cards  taken  during  any  given  test 
shows  that  the  phenomena  are  of  a  very  definite  character.  The  only 
uncertainty  lies  in  our  interpretation  of  the  results. 

It  will  be  noted  that  the  general  method  used  above  of  allowing  for 
the  effect  of  the  explosions  on  the  missed  fuel  admissions  might  be 
stated  as  follows:  Where  the  misses  were  fewer  than  the  fuel  admis- 
sions, the  number  of  the  latter  was  increased  by  an  amount  found 
sufficient;  when  the  misses  were  more  numerous  than  the  fuel  admis- 
sions, the  mean  effective  pressure  was  increased  by  a  proper  amount. 

The  fuel  consumptions  per  brake  horsepower  hour,  as  given  in 
Table  VI,  are  platted  with  brake  horsepowers  both  for  gasoline  and 
alcohol  in  figure  4.  The  points  are  numbered  to  correspond  with  the 
numbers  of  the  tests  in  Table  VI.  Those  marked  "A"  represent  runs 
on  the  lowest  compression;  those  marked  "B"  represent  runs  on  the 
intermediate  compression;  and  those  marked  "C"  runs  on  the  highest 
compression.  Points  3A,  4A,  and  5A  lie  on  a  fairly  regular  curve, 
showing  a  decrease  of  fuel  consumption  with  increase  of  load.  So  also 
do  the  points  7B,  8B,  and  9B ;  and  as  these  all  lie  below  the  points  A 
it  is  clear  that  the  increase  in  compression  has  decreased  the  consump- 
tion at  all  loads.  Points  12C,  14C,  and  15C  do  not  lie  in  so  consistent 
a  position.  Probably  some  mistake  was  made  in  determining  point 
15C.  The  point  2 A  is  far  off  the  curves  and  shows  for  the  maximum 
load  a  very  high  consumption.  This  point  is  the  result  of  the  setting 
by  the  workman  in  the  shops,  previously  referred  to.  In  all  subse- 
quent runs  adjustments  were  made  by  us  and  showed  better  results. 
Point  1A  on  gasoline  showed  a  much  higher  consumption  than  point 
6A.  This  is  entirely  due  to  the  change  in  carbureter  setting.  Point 
10B  is  the  result  of  an  attempt  to  obtain  with  gasoline  a  load  nearly 
equal  to  that  carried  on  alcohol,  which  could  not  be  done  even  when 
using  a  considerable  excess  of  gasoline.  A  slight  reduction  of  the  load 
permitted  a  very  much  better  consumption,  as  shown  by  the  point  11B 
for  the  same  compression.  Point  13C  indicates  a  very  high  alcohol 
consumption  for  the  high  compression,  which  was  reduced  to  the 
point  14C  by  changing  the  engine  adjustments  as  explained  below. 
It  was  pointed  out  previously  that  liquid  alcohol  may  enter  the 
cylinder,  and  in  fact  generally  does,  so  that  on  a  miss,,  which  occurs 
frequently  at  these  light  loads,  unvaporized  alcohol  from  the  previous 
runs  becomes  vaporized,  mixes  with  the  charge  of  air  which  enters 
on  this  stroke  and  explodes.    This  so-called  miss  explosion  is  greater 
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the  more  excess  alcohol  admitted  and  left  unburned  from  the  previous 
explosion.  It  was  thought  that  because  of  this  the  cylinder  itself 
could  be  used  as  a  secondary  vaporizer  and  that  by  admitting  more 
fuel  through  a  large  needle-valve  opening  on  a  regular  explosion 
stroke  a  considerable  part  of  the  excess  would  be  burned  on  the  next 
miss  stroke.  After  the  run,  which  gave  the  consumption  point  130 
and  during  which  there  were  small  miss  explosions,  the  alcohol  needle 
valve  was  opened  wider,  giving  larger  miss  explosions  and  more  miss 
explosions.    This  resulted  in  a  lowering  of  the  fuel  consumption  from 


Fig.  4.— Engine  No.  1.    Diagram  showing  fuel  consumed  per  brake-horsepower  hour. 

the  point  13C  to  point  14C.  In  short,  by  taking  advantage  of  the 
fact  that  in  this  hit-and-miss  governed  engine  the  cylinder  may  act 
as  an  auxiliary  vaporizer  and  give  an  explosion  with  the  governor  cut- 
out for  a  miss,  using  previously  vaporized  fuel  to  do  it,  the  fuel  con- 
sumption was  cut  down.  In  any  engine  not  operating  as  this  one 
does,  with  a  pure  air  charge  on  a  miss  to  burn  any  residue  fuel  from 
previous  explosions,  this  action  could  not  have  been  accomplished. 
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Under  the  high  compression,  when  using  alcohol  as  fuel,  by  setting 
the  ignitions  early  we  obtained  in  each  cylinder  maximum  pressures 
exceeding  400  pounds  per  square  inch,  but  there  was  at  no  time  any 
audible  knocking  or  hammering  in  the  cylinders.  Under  the  high 
compression  the  engine  seemed  slightly  more  sensitive  to  changes  in 
adjustment,  but  this  was  not  quantitatively  determined.  During  the 
last  tests  the  air  temperature  was  5  to  10  degrees  colder  than  during 
the  previous  tests,  which  may  have  had  some  slight  effect  upon  the 
vaporization  of  the  fuel. 

After  the  tests,  by  obstructing  the  overflow  pipe,  we  backed  up  the 
fuel  in  the  overflow  chamber  one-half  inch  or  more,  thus  bringing:  it 
nearly  to  the  level  of  the  spraying  orifices,  and  found  that  with  suit- 
able adjustments  of  the  needle  valves  the  building-up  effect  on  the 
indicator  cards  was  almost  entirely  eliminated.  This  indicates  that 
perhaps  the  suction  lift  in  the  vaporizer  was  too  great  for  a  fuel  as 
heavy  and  nonvolatile  as  alcohol. 

SUMMARY  OF  TESTS  ON  ENGINE  NO.  1. 

(1)  The  engine  runs  as  easily  and  smoothly  on  alcohol  as  on  gaso- 
line, and  probably  more  noiselessly  on  alcohol  than  on  gasoline. 

(2)  The  usual  gasoline  carbureter  may  be  used  for  alcohol,  but 
with  this  carbureter  the  alcohol  is  not  completely  vaporized  and 
passes  into  the  cylinder  partly  in  liquid  form. 

(3)  The  maximum  power  of  the  engine  is  distinctly  greater  with 
alcohol  fuel  than  with  gasoline. 

(4)  Higher  compression  may  be  used  with  alcohol  for  fuel  than 
with  gasoline. 

(5)  The  consumption  of  fuel  per  brake  horsepower,  whether  meas- 
ured by  weight  or  by  volume,  was  much  greater  with  alcohol  than 
with  gasoline. 

(6)  With  either  fuel  it  is  very  easy  to  use,  through  wrong  adjust- 
ments, much  more  fuel  than  the  minimum  amount  necessary. 

(7)  High  compression  gives  a  slight  improvement  in  fuel  con- 
sumption, but  this  improvement  may  very  easily  be  more  than  over- 
come by  wrong  adjustment  of  the  fuel  supply. 

(8)  The  lowest  consumptions  obtained  were  0.71  pound  of  gasoline 
and  1.12  pounds  of  alcohol  per  brake  horsepower-hour. 

(9)  The  highest  working  mean  effective  pressure  obtained  was 
about  90  pounds  with  both  alcohol  and  gasoline,  but  at  best  consump- 
tion the  mean  effective  pressures  were  materially  lower. 

ENGINE  NO.  2. 

DESCRIPTION  OF  ENGINE. 

This  was  a  horizontal,  single-cylinder  engine,  rated  at  6  horsepower 
at  300  revolutions  per  minute.  The  action  is  four  cycle,  and  the 
cylinder  is  5^-inch  bore  by  9-inch  stroke,  and  water  cooled.  The 
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compression,  as  determined  by  indicator  cards,  is  73  pounds  per  square 
inch.  The  photograph  (PL  Y)  does  not  show  the  engine  complete, 
but  does  show  all  the  essential  working  parts. 

The  carbureter  is  shown  in  cross  section  (PL  VI).  The  engine 
governs  by  the  hit-and-miss  principle,  but  in  a  way  quite  different 
from  that  used  in  engine  No.  1 .  The  inlet  valve  is  operated  by  suction 
and  is  not  under  control  of  the  cam  at  any  time.  The  exhaust  valve, 
however,  is  cam  operated  by  a  lever,  shown  in  the  left  of  the  photo- 
graph on  the  cylinder  head.  When  the  speed  gets  too  high,  the 
governor  operates  to  prevent  this  valve  from  closing,  and  at  the 
same  time  a  finger  prevents  the  inlet  valve  from  opening.  This  will 
result  in  a  miss  stroke,  and  during  the  miss  strokes  the  exhaust  gases 
are  drawn  into  and  expelled  successively  from  the  cylinder,  whereas 
in  engine  No.  1  during  a  miss  stroke  fresh  air  was  drawn  in  and 
passed  out  . 

The  carbureter  is  attached  directly  to  the  inlet  opening  and  is  of 
the  constant  level  overflow  type  supplied  by  a  pump,  shown  in  the 
photograph.  The  fuel  rises  through  the  pipe  marked  ufuel  supply," 
over  the  end  of  which  is  a  baffle  plate  to  prevent  splashing  and  surging. 
Any  excess  returns  to  the  pump  suction  through  the  overflow  pipe  and 
a  cover  to  the  chamber  permits  the  operator  to  observe  the  level.  The 
pump  is  cam  operated  ordinarily,  but  is  so  arranged  that  it  may  be 
operated  by  hand  in  starting.  The  spray  orifice  is  controlled  as  in 
engine  Xo.  1  by  a  needle  valve  having  a  numbered  head  and  pointer. 
This  needle  valve  is  arranged  to  seat  on  the  spray  orifice,  which  is  about 
one-half  inch  above  the  overflow  pipe.  The  suction  of  the  engine  draws 
air  through  the  air-inlet  pipe,  shown  in  the  front  of  the  photograph,  past 
a  damper  or  valve  for  the  regulation  of  the  vacuum  in  the  carbureter, 
and  thence  upward  to  the  right-angle  bend  across  which  it  meets  the  fuel 
spray  and  passes  to  the  engine  suction.  In  starting  the  engine  the  pis- 
ton speed  is  so  slow,  as  it  is  turned  over  by  hand,  as  to  make  it  difficult 
to  obtain  a  vacuum  in  the  carbureter  sufficient  to  lift  the  fuel  the 
one-half  inch  between  the  overflow  level  and  the  spray  orifice,  and 
in  addition  spray  it  into  the  air.  To  make  this  easier,  the  damper  or 
vacuum-regulating  valve,  shown  in  both  cross  section  and  front  of 
the  photograph,  is  added.  By  closing  it  at  the  start,  the  vacuum 
may  be  increased  and  the  fuel  easily  spra}red.  All  of  the  air  used 
by  the  engine  passes  through  the  carbureter  chamber  and  meets  the 
spray  at  the  orifice. 

DESCRIPTION  OF  TESTS. 

It  became  clear  during  the  tests  on  engine  Xo.  1  that  an  apparently 
insignificant  change  in  the  carbureter  setting  might  possibly  have  a 
very  large  effect  on  the  fuel  consumption.  It  also  became  clear  that 
the  adjustment  of  the  igniter  and  carbureter  were  matters  of  much 
greater  importance  in  fuel  economy  than  a  considerable  change  in 
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compression.  To  put  it  otherwise,  increasing  the  compression  of 
an  engine  using  alcohol  fuel  for  the  purpose  of  obtaining  a  gain  in 
economy,  might  be  entirely  useless  if  the  engine  were  unskillfully 
handled,  and  although  with  the  best  adjustments  for  both  high  and 
low  compressions  the  former  show  better  results  in  economy  than 
the  latter,  the  results  are  not  so  much  better  that  they  might  not  be 
overbalanced  by  the  bad  effects  resulting  from  a  poor  adjustment  of 
the  engine.  In  spite  of  considerable  care  in  determining  the  best 
adjustment,  it  was  not  always  easy  to  say  that  it  had  been  reached. 
With  these  things  in  mind  it  was  decided  in  the  tests  on  engine  No.  2 
to  investigate  the  maximum  possible  fuel  consumption  for  all  settings 
of  the  carbureter  just  as  carefully  as  the  minimum  fuel  consumption 
for  good  settings  of  the  carbureter.  Tests  of  this  sort  are  entirely 
omitted  from  the  foreign  reports  and  even  the  importance  of  such  an 
investigation  is  scarcely  suggested.  In  addition,  it  was  expected 
that  the  tests  on  this  engine  would  throw  further  light  on  the  behavior 
of  alcohol  fuel  as  compared  with  gasoline,  confirming  or  disproving 
the  conclusions  obtained  on  engine  No.  1. 

The  operation  of  starting  the  engine  was  the  same  whether  gasoline  or 
alcohol  was  used  as  a  fuel,  and  was  no  more  difficult  with  one  fuel  than 
with  the  other  after  the  proper  fuel  valve  settings  for  each  had  been 
learned.  The  operation  of  starting  was  substantially  as  follows:  The 
valve  rod  roller  was  moved  sideways  by  a  handle  to  bring  it  into 
contact  with  an  auxiliary  cam,  which  released  the  compression;  the 
butterfly  valve  in  the  air-admission  pipe  was  closed  so  as  to  produce  a 
heavy  vacuum  during  the  suction  stroke,  the  needle  valve  was  opened 
a  suitable  amount,  and  the  fly  wheel  turned  by-  hand  until  the  first 
explosion  was  obtained,  which  was  usually  in  one  or  two  revolutions. 
Then  at  once  the  valve  in  the  air-admission  pipe  was  opened  and  the 
exhaust  valve  rod  roller  set  in  its  normal  position. 

During  the  tests  three  persons  took  part.  One  observer  took 
indicator  cards,  using  a  240-pound  indicator  spring,  and  also  counted 
the  number  of  explosions  and  revolutions ;  a  second  observer  attended 
to  the  readings  of  fuel  consumption  and  also  counted  explosions  and 
revolutions ;  and  the  third  kept  the  brake  load  properly  adjusted  at  a 
constant  value  during  each  run  and  kept  records.  The  brake  arm  was 
23 \  inches.  The  fuel  was  drawn  from  a  light  vessel  placed  on  a  sensitive 
direct-reading  platform  spring  balance  graduated  to  half  ounces, 
shown  in  Plate  IX  (p.  58).  The  fuel  was  drawn  through  a  siphon 
dipping  beneath  the  surface  of  the  liquid  without  touching  the  con- 
taining vessel  and  the  overflow  returned  to  the  vessel  by  a  pipe  which 
also  made  no  contact  with  the  vessel.  Thus,  when  the  engine  had 
reached  a  steady  state  of  operation  the  fuel  consumption  could  be 
read  directly  by  loss  of  weight  in  the  containing  vessel.  The  scales 
were  read  to  tenths  of  an  ounce,  the  readings  were  taken  at  frequent 
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regular  intervals;  hence  short  runs  sufficed  for  an  accurate  determina- 
tion  of  the  fuel  consumption. 

The  only  difficulties  encountered  during  the  tests  were  in  connec- 
tion with  the  ignition.  The  ignition  rocker  had  on  its  outer  end  a 
hardened  steel  collar  by  which  motion  was  communicated  to  the 
rocker.  This  collar  was  fastened  to  the  rocker  by  a  pin,  but  the 
holes  in  the  collar  and  plug  did  not  match,  and  hence  the  pin  did  not 
come  to  a  good  bearing.  The  collar  finally  began  to  have  some  play 
on  the  pin  and  this  produced  failures  to  ignite.  The  difficulty  was 
located  after  considerable  search  and  was  not  easily  remedied.  One 
of  the  battery  wires  is  attached  to  an  insulated  post  making  contact 
with  the  valve  rod  through  a  spring  in  such  a  position  that  when  the 
exhaust  valve  is  held  open  the  circuit  is  broken.  This  spring  is  weak 
and  frequently  got  so  bent  as  to  fail  to  make  contact.  This  difficulty 
was  easily  remedied. 

RESULTS  OF  TESTS. 

Fifty-four  consumption-test  runs  were  made  on  engine  Xo.  2,  of 
which  the  first  24  reported  were  with  gasoline  as  fuel  and  the  last  30 
were  on  alcohol  fuel.    The  results  of  these  tests  are  given  in  Table  VII. 
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Under  each  fuel  the  tests  are  arranged  on  the  same  plan.  All  runs 
with  different  needle-valve  settings  on  the  same  approximate  brake 
horsepower  are  grouped  together,  those  with  the  greatest  horsepower 
being  placed  first,  and  the  successive  groups  being  placed  in  order 
down  to,  the  zero  brake  load. 

In  each  group  the  tests  are  arranged  according  to  the  needle-valve 
settings,  beginning  with  the  smallest  needle-valve  opening  and  pro- 
gressing to  the  greatest  opening.  In  each  case  the  smallest  opening 
was  the  least  with  which  the  engine  would  continue  to  run  with  its 
imposed  load,  and  similarly  the  maximum  opening  was  the  limiting 
setting  under  which  the  engine  could  carry  the  load;  except  that 
with  some  of  the  intermediate  and  low  brake  loads,  "where  for  lack 
of  time  only  one  or  two  runs  were  taken,  the  settings  were  intended 
to  be  about  those  for  maximum  economy.  The  minimum  needle- 
valve  settings  were  quite  definite  in  position,  one  notch  usually  mak- 
ing a  distinct  difference  in  the  operation  of  the  engine.  The  maxi- 
mum needle-valve  openings  were  not  so  definite,  and  in  some  cases  a 
variation  of  several  notches  from  those  given  in  the  table  might  exist. 

The  runs,  as  shown  by  the  dates  given,  were  not  made  in  the  order 
given  in  the  table,  because  it  was  necessary  to  feel  our  way  over  the 
field.  The  order  of  the  tests  was  about  this:  We  first  took  a  series 
with  settings  approximated  for  best  economy;  then  determined  the 
limiting  settings,  and  finally  filled  in  intermediate  values. 

Since  the  point  of  ignition  was  not  easily  changed  and  could  not  be 
measured  without  stopping  the  engine,  time  did  not  permit  an 
extended  investigation  of  its  influence.  In  the  earlier  runs  it  was 
changed  to  the  supposedly  best  position,  as  shown  by  indicator  cards, 
for  each  separate  run  and  its  value  was  not  measured.  In  the  later 
runs  two  values  of  the  \  ^ints  of  ignition  were  used,  one  when  the  pis- 
ton was  one-fourth  of  au  inch,  or  2.8  per  cent,  before  the  end  of  its 
stroke,  which  was  used  for  all  the  gasoline  runs  and  for  part  of  the 
alcohol  runs,  and  which  was  apparently  about  the  best  position  for 
the  most  explosive  alcohol  mixtures;  the  other  at  five-eighths  of  an 
inch,  or  6.9  per  cent,  before  the  end  of  the  stroke,  used  for  part  of 
the  alcohol  runs  and  apparently  about  the  best  point  for  the  extreme 
alcohol  mixtures. 

The  revolutions  per  minute  varied  only  slightly,  increasing  some- 
what at  low  loads  and  with  an  increased  number  of  cut-outs.  The 
revolutions  were  counted  for  a  whole  minute  several  times  during 
each  run  and  variations  as  great  as  two  in  the  minute  were  frequently 
recorded.  The  brake  horsepower  is  practically  constant  for  each 
group  of  runs,  the  slight  variation  being  due  to  the  variation  in  revo- 
lutions per  minute. 

The  duration  of  each  run  was  intended  to  be  10  or  12  minutes.  In 
some  cases,  however,  accident  vitiated  part  of  the  measurements  so 
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that  the  actual  measured  run  was  shortened.  In  other  cases,  when 
running  on  extreme  settings,  runs  were  shortened  by  a  failure  of  the 
engine  to  keep  up  the  load. 

The  number  of  explosions  per"  minute  was  constantly  fluctuating* 
and  hence  is  a  very  uncertain  element.  Moreover,  it  was  evident  in 
some  cases  that  when  the  indicator  cock  was  opened  for  the  purpose 
of  taking  cards  a  change  was  produced  in  the  number  of  missed  fuel 
admissions.  Likewise,  the  mean  effective  pressure  is  difficult  to 
determine  accurately  from  the  indicator  cards.  However,  a  number 
of  cards  were  taken  for  each  run  and  each  card  contained  a  large 
number  of  cycles.  We  estimated  the  average  cycle  on  each  card 
and  then  averaged  the  results  obtained  on  the  different  cards.  It 
seems  probable  that  the  final  mean  effective  pressure  obtained  could 
be  in  error  by  not  more  than  2  pounds.  The  corresponding  num- 
ber of  explosions  might  be  in  error  three  or  four.  On  account  of  the 
uncertainty  of  these  elements  considerable  uncertainty  attaches  to 
the  values  of  the  indicated  horsepower.  However,  the  variations 
for  any  given  brake  horsepower  are  no  more  than  might  be  expected 
under  the  conditions  involved.  In  obtaining  the  area  of  the  indi- 
cator cards  only  the  upper  loop  was  taken;  hence  the  indicated 
horsepower  has  not  been  corrected  for  the  negative  work  of  the  suc- 
tion loop. 

The  mechanical  efficiency,  obtained  by  dividing  the  brake  horse- 
power by  the  indicated  horsepower  found  as  described  above,  includes 
all  the  errors  in  the  several  measurements  taken  and  shows  varia- 
tions accordingly. 

The  thermal  efficiency  is  given  for  each  test,  based  upon  the  low 
heat  values  of  the  fuels.  The  values  used  were  19,660  British  ther- 
mal units  per  pound  of  gasoline  and  10,620  per  pound  of  alcohol. 
The  thermal  efficiency  was  calculated  for  each  case  by  dividing  2,545 
by  the  product  of  the  low  heat  value  and  the  consumption  in  pounds 
per  brake  horsepower  hour. 

The  maximum  pressure  given  in  the  next  to  the  last  column  of  the 
table  is  an  approximate  estimate  of  the  average  highest  pressure 
reached  during  combustion,  as  shown  by  the  indicator  cards.  When 
there  was  a  large  variation  in  the  different  cycles  on  one  card,  only 
that  half  of  the  cycles  showing  the  highest  maximum  pressures  was 
considered  in  estimating  the  average.  For  a  given  fixed  point  of 
ignition  this  maximum  pressure  is  a  very  good  indication  of  the  rate 
of  combustion  and  the  corresponding  shape  of  the  card.  With  a 
quick  combustion  the  maximum  pressure  is  high  and  with  a  slow 
combustion  correspondingly  low. 

In  the  last  column  of  the  table  the  nature  of  the  combustion  is 
described  as  determined  by  inspection  of  the  indicator  cards.  In 
some  cases  it  is  difficult  to  say  into  which  class  an  indicator  card 
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should  be  put.  It  may  have  the  general  appearance  of  normal  com- 
bustion, and  still  show  slight  evidence  of  the  explosive  wave.  Sim- 
ilarly, it  is  difficult  to  draw  a  definite  line  between  normal  combus- 
tion and  slow  combustion.  In  some  cases  different  cycles  on  the 
same  indicator  card  would  show  all  three  kinds  of  combustion — 
explosive,  normal,  and  slow. 

The  consumptions  for  most  of  the  tests  reported  in  Table  VII  are 
platted  in  figure  5,  with  respect  to  needle-valve  settings.  Open  cir- 
cles indicate  gasoline  fuel,  solid  circles  indicate  alcohol  fuel  with  the 
ignition  at  2.8  per  cent  of  the  stroke  before  the  piston  reaches  the 
dead  center,  and  the  stars  indicate  alcohol  fuel  with  the  ignition  at 
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Fig.  5.— Engine  No.  2.   Diagram  showing  fuel  consumption  for  various  needle-valve  settings  and 

horsepowers. 

6.9  per  cent  before  dead  center.  Each  point  is  numbered  to  corre- 
spond with  the  number  of  the  test  in  Table  VII.  Points  correspond- 
ing to  the  same  brake  horsepower  are  connected  by  curves  and  the 
horsepower  is  marked  on  each  curve. 

Representative  indicator  cards  for  the  various  consumption  tests 
on  gasoline  fuel  during  which  the  time  of  ignition  was  —2.8  per  cent 
of  the  stroke  are  shown  on  Plate  VII.  Each  card  is  numbered  to 
correspond  with  the  number  of  the  test  as  given  in  Table  VII  and  is 
also  marked  with  the  average  mean  effective  pressure  as  given  in 
Table  VII.  All  the  cards  corresponding  to  approximately  the  same 
brake  horsepower  are  placed  in  a  vertical  row  with  the  appropriate 
horsepower  marked  at  the  top  of  the  column.  Similarly,  all  the 
cards  taken  with  the  same  needle-valve  setting  are  placed  in  the  same 
horizontal  row  with  the  corresponding  needle-valve  setting  marked 
on  the  margin  of  the  plate. 


Engine  No.  2.  Gasoline  Fuel  Indicator  Cards. 
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Plate  YIII  shows  in  a  similar  way  representative  indicator  cards 
from  those  tests  reported  in  Table  VII,  using  alcohol  as  fuel  for  which 
the  ignition  was  measured.  For  most  of  the  cards  the  ignition  was 
at  —2.8  per  cent  of  the  stroke,  but  for  some  of  them  the  ignition  was 
earlier,  at  — 6.9  per  cent  of  the  stroke.  The  cards  of  the  latter  class 
are  distinguished  on  the  plate  by  a  letter  E  below  the  number. 

DISCUSSION  OF  RESULTS. 

Tests  numbered  16  to  39,  inclusive,  are  on  gasoline  as  fuel.  In  test 
Xo.  16  the  engine  was  scarcely  able  to  carry  the  load,  an  excessive 
amount  of  fuel  was  required,  and  occasionally  the  speed  would  dimin- 
ish. The  fuel  measurement  on  this  run  was  rendered  somewhat 
uncertain  by  a  leaky  pipe,  but  since  the  engine  was  plainly  overloaded 
the  run  was  not  repeated. 

Tests  17  to  20  are  with  the  same  brake  load  but  different  needle- 
valve  settings.  A  setting  of  12  in  test  Xo.  17  was  the  smallest  and  a 
setting  of  20  in  test  Xo.  20  was  the  largest  needle-valve  opening  under 
which  the  engine  would  carry  the  load.  The  consumption  increases 
rather  regularly  from  a  minimun  value  of  0.69  pound  per  brake  horse- 
power hour  in  test  Xo.  17  to  1.33  pounds  in  test  Xo.  20.  Hence  with 
this  load  it  is  possible  to  have,  with  a  wrong  needle  setting,  a  fuel  con- 
sumption nearly  double  the  most  economical  that  may  be  secured 
under  the  best  needle-valve  adjustment.  The  indicator  cards  show 
for  test  Xo.  17  a  dilute  slow-burning  fuel  and  air  mixture ;  for  Xo.  18  a 
very  rapid  combustion,  indicating  approximately  the  proportions  of 
air  and  fuel  for  most  rapid  chemical  combination;  for  Xo.  19  a  slightly 
less  rapid  combustion,  due  to  increase  of  fuel;  for  Xo.  20  a  combustion 
nearly  as  slow  as  for  Xo.  17,  on  account  of  the  large  excess  of  fuel 
present  in  the  mixture.  The  mean  effective  pressures. pass  through  a 
series  of  changes  exactly  corresponding  to  the  rate  of  combustion. 
The  lowest  is  in  Xo.  17,  the  highest  in  Xo.  18,  after  which  tests  19  and 
20  show  lower  values.  The  maximum  pressures  show  a  similar  cycle 
of  values. 

Tests  23  to  28  with  another  constant  brake  load  show  the  results  for 
needle-valve  openings  from  12  to  20.  The  corresponding  consump- 
tion varies  form  0.76  pound  to  1.69  pounds.  The  largest  consump- 
tion is  more  than  double  the  smallest.  The  indicator  cards  show 
quickest  combustion,  highest  mean  effective  pressures,  and  highest 
maximum  pressures  at  needle  setting  15,  as  in  the  previous  set.  In 
test  Xo.  28  the  different  cards  become  extremely  variable  in  height 
and  area,  and  a  similar  result  was  generally  obtained  when  the  mix- 
ture carried  such  an  excess  of  fuel  as  to  be  near  the  limit  of  useful  com- 
bustibility. 

The  remaining  groups  for  the  gasoline  tests  show  in  general  about 
the  same  relations.  As  the  brake  horsepower  is  reduced  the  fuel  con- 
sumption per  brake  horsepower  hour  is  materially  increased.  Also 
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the  range  of  possible  needle-valve  settings  increases  very  slightly  in 
the  direction  of  the  minimum  setting,  and  a  greater  amount  on  the 
side  of  the  maximum  setting.  Comparing  tests  Nos.  31  and  32  we  see 
the  maximum  consumption  is  over  twice  the  minimum,  and  a  com- 
parison of  Nos.  35  and  36  shows  that  under  small  brake  loads  the  maxi- 
mum consumption  is  about  three  times  the  minimum  consumption. 

Tests  40  to  69  are  on  alcohol  fuel ;  40  to  44  are  with  the  same  brake 
load,  but  with  different  points  of  ignition  and  different  needle-valve 
settings.  Nos.  40,  41,  and  44  have  the  same  point  of  ignition.  The 
alcohol  consumption  of  1.25  pounds  per  brake  horsepower  hour  in  No. 
40,  as  compared  with  2.32  pounds  in  No.  44,  shows  the  better  economy 
due  to  the  smaller  needle-valve  setting,  although  the  mean  effective 
pressure  and  maximum  pressure  are  greater  with  the  larger  consump- 
tion and  more  open  needle- valve  opening,  just  as  was  found  in  the  case 
of  gasoline  fuel. 

Tests  42  and  43  exhibit  the  same  relations  with  respect  to  each 
other,  but  in  less  degree,  because  in  these  two  tests  the  engine  could 
barely  carry  the  load.  In  Nos.  40  and  41,  however,  the  engine  easily 
carried  the  load,  and  the  consumptions  were  correspondingly  reduced 
owing  to  the  earlier  ignition.  This  shows  the  considerable  advantage 
of  early  ignition  with  limiting  and  slow-burning  mixtures. 

Tests  47  to  53  form  a  group  with  the  same  brake  load.  Nos.  48  to 
52  have  the  same  points  of  ignition.  Of  these,  No.  48  has  the  smallest 
needle-valve  setting  and  shows  the  best  economy,  while  the  most 
rapid  combustion,  the  highest  mean  effective  pressures,  and  the  high- 
est maximum  pressures  are  obtained  with  the  needle-valve  settings  of 
30  and  35.  The  consumption  in  No.  52  with  the  large  needle-valve 
setting  was  more  than  double  the  value  in  No.  48  with  the  minimum 
setting.  The  consumption  in  No.  47  is  slightly  better  than  in  No.  48, 
which  shows  the  benefit  of  earlier  ignition  with  a  weak  and  hence 
slow-burning  mixture. 

The  groups  of  runs  55  to  60  and  62  to  66  show  substantially  the 
same  relations  among  themselves  as  the  groups  47  to  53. 

Test  No.  67  was  unique.  The  needle  valve  was  opened  seven  com- 
plete turns,  which  almost  removed  it  from  the  engine,  and  it  was  pos- 
sible to  remove  it  entirely  for  a  brief  time,  the  engine  only  slowing  down 
somewhat  as  a  result.  With  the  wide-open  valve  the  consumption  of 
fuel  was  enormous.  The  exhaust  pipe  of  the  engine  was  about  50 
feet  in  length,  with  eight  or  nine  right-angle  turns,  passed  through  an 
exhaust  pot,  and  was  cooled  by  the  injection  of  a  small  stream  of 
water.  But  in  this  run  it  was  possible  to  ignite  the  cold  exhaust 
gases  at  the  end  of  the  pipe,  and  the  odor  of  alcohol  could  be  plainly 
detected  in  the  exhaust.  In  test  No.  51  also  the  exhaust  gases  would 
barely  burn  at  the  end  of  the  exhaust  pipe.  In  test  No.  67  the  fuel 
mixture  iii  the  cylinder  failed  to  ignite  on  the  first  fuel  admission  after 
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a  miss,  but  would  always  ignite  on  the  second  fuel  admission.  Hence 
although  there  were  74  fuel  admissions  per  minute  there  were  only  37 
explosions.  The  charge  of  fuel  which  failed  to  ignite  of  course  washed 
the  clearance  of  products  of  combustion,  so  when  the  next 'charge  fired 
the  whole  cylinder  contained  a  combustible  mixture,  giving  very  high 
indicator  cards.  The  mean  effective  pressure  obtained,  126  pounds, 
exceeded  that  of  any  other  test.  The  indicator  cards  from  test  Xo. 
66  show  slow  combustion,  due  to  the  too  rich  fuel  mixture. 

In  no  other  case  known  to  the  writers  was  it  ever  possible  to  have  a 
good  combustion  in  the  cylinder  with  such  excess  of  fuel  as  would 
permit  exhaust  gases  to  be  burned  at  the  end  of  the  exhaust  pipe,  be  the 
engine  large  or  small,  high  speed  or  low  speed,  and  be  the  fuel  blast  fur- 
nace gas,  producer  gas,  city  gas,  gasoline,  kerosene,  or  crude  oil.  The 
fact  that,  with  the  alcohol  used  in  this  engine,  this  was  possible  seems  at 
first  to  show  that  alcohol  mixtures  can  carry  large  excess  of  vapor  and 
still  imdergo  a  good  combustion  with  a  high  mean  effective  pressure  and 
a  high  rate  of  propagation.  A  moment's  thought  will  prove  this  con- 
clusion wrong,  although  it  is  the  first  one  that  would  occur  to  an  obser- 
ver. It  was  pointed  out  in  the  tests  on  engine  No.  1,  which  governed 
by  holding  the  fuel  valve  shut  and  admitting  air,  that  during  a  charge 
intended  to  be  a  miss  frequently  there  were  obtained  explosions,  some- 
times feeble  and  sometimes  strong,  which  could  only  be  explained  on  the 
assumption  that  the  previous  charge  consisted  of  liquid  alcohol  and 
alcohol  vapor  with  air.  The  alcohol  vapor  burned,  leaving  in  the  cylin- 
der alcohol  liquid,  which  was  vaporized  during  the  explosion  or  later, 
and  which  vapor  was  left  behind  in  sufficient  quantity  to  form  a  combus- 
tible mixture  with  the  next  air  charge  on  the  miss  stroke.  This  was 
cited  as  a  proof  of  incomplete  vaporization,  even  though  the  engine 
was  running  satisfactorily,  because  the  air  had  a  sufficiently  high 
temperature  of  60°  to  75°  F.  to  carry  with  it  enough  vapor  for  a 
fairly  good  mixture.  This  burning  at  the  exhaust  pipe  with  excesses 
of  alcohol  in  engine  Xo.  2  in  reality  is  proof  of  the  same  thing  and 
indicates  beyond  any  possibility  of  dispute  the  fact  that  in  the  ordi- 
nary gasoline  carbureter  alcohol  is  not  completely  vaporized,  and 
that  to  secure  enough  vapor  to  run  the  engine  properly  a  consid- 
erable amount  of  liquid  alcohol  must  be  carried  along.  Engine  Xo.  2 
governs  by  holding  the  exhaust  open  and  preventing  any  new  charge, 
either  pure  air  or  a  mixture,  from  entering.  If,  therefore,  during  the 
working  stroke,  liquid  alcohol  be  carried  over  with  the  vapor-air  mix- 
ture this  will  be  vaporized  during  the  explosion  or  after  it  and  will 
simply  pass  out  the  exhaust  pipe  to  some  degree,  leaving  the  clearance 
full  of  vapor  to  await  the  next  charge.  This  vapor,  thus  passing  out 
with  absolutely  no  possibility  of  air  to  burn  it  from  the  engine,  is  what 
formed  a  combustible  vapor  to  enable  the  exhaust  gases  to  be  lighted. 
Of  course,  this  could  only  appear  in  an  engine  that  did  not  have  an  air 
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charge  admitted  during  a  miss.  In  test  67  the  fuel  mixture  in  the 
cylinder  failed  to  ignite  on  the  first  fuel  admission  after  a  miss  but 
would  always  ignite  on  the  second  fuel  admission,  and  so  was  thrown 
away.  Out  of  74  fuel  admissions  there  were  only  37  explosions. 
This  is  direct  proof  of  the  fact  that  the  cylinder  was  acting  as  a  vapor- 
izer for  excess  liquid  alcohol  which  the  air  was  unable  to  vaporize  in 
the  carbureter.  Immediately  after  explosion  of  a  mixture  containing 
a  large  excess  of  alcohol  there  is  considerable  vapor  in  the  cylinder 
and  the  amount  displaced  by  the  piston  can  be  burned  at  the  end  of 
the  exhaust  pipe.  The  charge  at  next  fuel  admission,  which  ordinarily 
still  would  be  combustible  with  a  slight  amount  of  additional  liquid, 
is  mixed  with  the  residue  vapor  in  the  clearance,  the  entire  mixture 
being  too  rich  in  vapor  even  after  compression  to  ignite.  It  therefore 
fails  to  ignite.  At  the  beginning  of  the  next  suction  stroke  the  clear- 
ance contains  some  fresh  air,  practically  no  burnt  gases,  and  some 
vapor,  but  not  as  much  vapor  as  before,  since  during  the  preceding 
cycles  there  was  no  explosion  but  only  a  compression  and  the  tempera- 
ture attained  was  not  as  high  as  with  an  explosion.  Preparatory, 
then,  to  the  next  admission  the  clearance  contains  a  vapor-air  mix- 
ture with  probably  an  excess  of  vapor.  The  next  fuel  charge  is 
slightly  deficient  in  vapor  and  when  it  mixes  with  the  clearance  gases 
which  have  an  excess  of  vapor  it  produces  a  doubly  increased  effect. 
First,  the  clearance  space  is  now  full  of  a  working  mixture  instead  of 
burnt  gases ;  and,  second,  that  mixture  contains  more  nearly  the  correct 
amount  of  vapor  for  the  air  supply  than  would  be  possible  unless  a 
certain  amount  of  vaporization  occurred  in  the  cylinder  itself.  With 
these  conditions  it  might  be  expected  that  a  very  high  mean  effective 
pressure  would  be  obtained,  and  this  was  actually  found  to  be  the 
case.  The  mean  effective  pressure  in  this  run,  with  the  alternate  miss 
fire  and  explosions,  due  to  large  needle-valve  "settings,  was  as  high  as 
126  pounds  per  square  inch — pressures  unheard  of  in  any  other  kind  of 
gas  engine  and  showing  the  great  possibilities  of  alcohol  for  producing 
large  amounts  of  power  in  small  cylinders  when  it  is  completely 
vaporized  and  properly  handled. 

Comparing  the  needle-valve  settings  used  with  gasoline  and  alcohol, 
it  appears  that  the  proper  setting  for  alcohol  is  about  double  that 
for  gasoline,  and  that  the  minimum  opening  under  which  the  engine 
would  run  on  alcohol  was  found  just  about  the  maximum  opening 
under  which  the  engine  would  run  with  gasoline. 

In  making  the  tests  at  maximum  load  it  was  very  evident  that 
with  alcohol  the  load  could  be  carried  materially  higher  than  with 
gasoline. 

The  tables  show  a  rather  definite  relation  between  the  maximum 
pressure  and  the  nature  of  the  combustion.  With  gasoline  as  fuel, 
a  maximum  pressure  less  than  240  pounds  per  square  inch  indicates 
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slow  combustion;  from  240  to  300  pounds  per  square  inch  indicates 
normal  combustion,  and  a  higher  pressure  than  the  latter  figure 
indicates  an  explosive  wave.  With  alcohol  as  fuel,  the  limits  for 
normal  combustion  are  slightly  narrower  than  for  gasoline,  being 
about  250  and  290  pounds  per  square  inch,  respectively. 

SUMMARY  OF  TESTS  ON  ENGINE  NO.  2. 

(1)  With  both  alcohol  and  gasoline  fuel,  from  half  load  to  full  load, 
the  best  consumptions  were  obtained  with  the  smallest  needle-valve 
settings  which  could  be  used  with  the  respective  fuels  and  loads. 

(2)  With  both  alcohol  and  gasoline  fuel,  by  opening  the  needle 
valve  the  consumption  could  be  increased  to  approximately  twice 
the  best  consumption  before  the  engine  would  be  stopped  by  the 
excess  of  fuel. 

(3)  With  both  alcohol  and  gasoline,  the  most  rapid  combustion, 
the  highest  mean  effective  pressure  and  the  highest  maximum 
pressure  were  obtained  when  the  fuel  used  was  considerably  in  excess 
of  the  best  consumption. 

(4)  With  both  alcohol  and  gasoline,  the  amount  of  fuel  used  with 
any  given  load  was  approximately  proportional  to  the  needle-valve 
setting. 

(5)  The  minimum  needle-valve  setting  for  alcohol  was  about 
double  the  minimum  setting  for  gasoline  and  about  equal  to  the 
maximum  setting  possible  for  the  same  load  with  gasoline. 

(6)  With  alcohol  fuel,  using  a  slow-burning  dilute  fuel  mixture, 
the  consumption  was  perceptibly  improved  by  using  a  very  early 
ignition. 

(7)  The  mean  effective  pressure  and  the  maximum  explosion 
pressure  were  about  the  same  for  both  alcohol  and  gasoline  at  best 
consumption. 

(8)  The  highest  mean  effective  pressures  obtained  with  alcohol 
were  appreciably  greater  than  the  highest  obtained  with  gasoline. 

(9)  The  maximum  power  obtainable  from  the  engine  was  appre- 
ciably higher  with  alcohol  than  with  gasoline. 

(10)  Much  more  alcohol  could  be  supplied  to  the  engine  cylinder 
than  would  be  vaporized  in  the  carbureter,  so  that  liquid  alcohol 
entered  the  cylinder. 

(11)  With  alcohol,  the  engine  would  run  on  a  greater  range  of 
misadjustment  than  with  gasoline. 

(12)  The  best  consumption  results  obtained  were  0.69  pound  of 
gasoline  and  1.23  pounds  of  alcohol,  respectively,  per  brake  horse- 
power hour. 

(13)  At  best  consumptions  the  mean  effective  pressures  were 
90  pounds  for  both  alcohol  and  gasoline. 
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ENGINE  NO.  3. 

DESCRIPTION  OF  ENGINE. 

This  engine  is  very  similar  to  engine  No.  2  in  size,  structure,  and 
method  of  operation,  although  its  valve  gear  is  different  in  details 
and  the  carbureter  is  quite  different  in  action.  This  engine  is  single 
cylinder,  horizontal,  four-cycle,  rated  at  6  horsepower  at  340  revolu- 
tions per  minute,  cylinder  diameter  inches,  and  stroke  10  inches. 
The  compression  as  measured  from  indicator  cards  was  82  pounds 
per  square  inch.  The  engine  is  shown  in  the  photograph,  Plate  IX, 
and  the  carbureter  in  cross  section,  Plate  X.  The  engine  governs 
by  a  method  quite  similar  to  the  engine  No.  2,  by  holding  the  exhaust 
valve  open,  the  inlet  valve  being  automatic  suction  operated. 

The  carbureter,  while  it  is  of  the  constant-level  type,  does  not 
operate  by  a  suction  spray.  In  other  words,  the  spraying  orifice  is 
below  the  level  of  the  overflow  a  little  over  1  inch.  Fuel  is  supplied 
to  the  pump  and  by  the  pump  to  the  pipe  marked  "fuel  supply"  on 
the  cross  section,  Plate  X.  From  the  constant-level  chamber  gasoline 
flows  through  a  needle  valve  to  the  carbureter  chamber.  The  inlet 
to  the  carbureter  chamber  is  closed  by  another  needle  valve,  which 
is  automatic  in  its  operation.  This  needle  valve  carries  a  disk  on 
its  vertical  spindle,  the  disk  having  holes  bored  through  it,  as  shown 
in  the  top  view.  The  air  enters  through  a  pipe  marked  "air  inlet," 
which  is  below  the  level  of  the  disk.  Air  rises  past  this  disk  to  the 
mixture  outlet  and  from  this  point  passes  to  the  engine  suction  valve. 
The  friction  of  the  air  passing  through  and  around  the  disk  lifts  it 
and  at  the  same  time  raises  the  needle  valve  from  the  spray  orifice 
seat,  allowing  the  liquid  fuel  to  flow  out  under  a  head  of  about  1 
inch,  spraying  upward  and  splashing  against  the  perforated  disk. 
Any  particles  of  fuel  which  escape  from  the  spray  orifice  without 
sufficient  velocity  fall  on  a  broad  sill  surrounding  the  spray  orifice 
and  in  running  over  this  sill  are  caught  by  the  moving  air  and  car- 
ried along  as  spray.  This  automatic  needle  valve,  which  opens  and 
closes  with  the  passage  of  air  at  each  suction  stroke,  is  held  to  its  seat 
by  the  weight  of  its  spindle  and  the  disk.  The  hydrostatic  head 
of  1  inch  of  liquid  fuel  assists  in  opening  the  valve  against  this 
weight.  If  in  addition  to  this  hydrostatic  head  a  vacuum  is  produced 
in  the  chamber,  the  valve  may  open  without  the  air-friction  effect. 
This  is  approximately  the  action  in  starting :  A  slide  damper  marked 
on  the  cross  section  " valve  for  regulation  of  vacuum"  is  provided, 
which  is  closed  in  starting.  A  nail  passing  through  the  sill  of  the 
spray-orifice  seat  and  through  the  bottom  of  the  carbureter  is  pushed 
up,  striking  the  disk  and  allowing  liquid  fuel  to  flow  over  the  seat, 
thus  assisting  the  vacuum  and  making  it  easier  to  secure  an  initial 
supply  of  fuel,  since  the  velocity  of  the  air  is  low  when  starting  the 
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engine  by  hand.  As  soon  as  explosions  occur  regularly  the  slide  is 
removed  and  it  is  probable  that  the  valve  lifts  only  under  the  influ- 
ence of  air  friction.  Should  this  automatic  spray  valve  not  seat 
properly,  liquid  fuel  will  continually  flow  out  into  this  chamber,  so 
that  if  the  engine  is  hot  there  is  the  possibility  of  a  carbureter  of 
this  sort  flooding  and  securing  excess  of  vapor  after  a  miss  stroke. 

DESCRIPTION  OF  TESTS. 

Various  mechanical  difficulties  were  encountered  in  the  operation 
of  this  engine.  During  the  first  day  the  engine  was  run  it  ran  away 
twice  on  account  of  the  working  loose  of  the  set  screw  in  the  governor 
column.  During  a  large  part  of  the  first  day  the  crank  pin  ran  hot, 
although  the  engine  was  operating  without  load.  The  igniter  plug 
was  loose  and  its  packing  leaked.  The  packing  between  the  cylinder 
head  and  the  cylinder  leaked,  although  the  pressure  on  the  water 
jacket  was  only  that  due  to  the  head  of  water  in  the  cooling  tank, 
about  5 -feet.  The  exhaust-valve  lever  failed  to  follow  the  cam, 
causing  an  excessive  hammering  at  each  opening  of  the  exhaust  valve. 

Ignition  contact  takes  place  inside  the  combustion  chamber 
between  two  iron  collars  held  in  place  by  riveted  pins.  One  of  these 
collars  was  loose  on  its  pin  and  its  central  hole  became  much  worn, 
making  the  time  and  position  of  contact  quite  uncertain.  The  sur- 
faces where  contact  took  place  became  much  corroded  and  pitted 
while  our  tests  were  in  progress. 

A  finger,  operated  by  the  exhaust-valve  lever,  is  supposed  to  press 
against  a  collar  on  the  admission-valve  stem  and  prevent  this  valve 
from  opening  when  the  governor  holds  the  exhaust  valve  open.  This 
finger  must  act  like  a  spring.  During  the  running  of  the  engine 
this  finger  gradually  lost  its  elasticity  until  it  failed  to  hold  the  admis- 
sion valve  from  opening  on  missed  strokes.  It  was  tightened  once 
or  twice  by  bending  it  slightly,  but  it  soon  worked  loose  again. 

The  head  of  the  needle  valve  was  divided  into  fifty  divisions  for 
recording  the  position  of  the  setting.  The  directions  with  the  engine 
say  to  open  the  needle  valve  one-half  turn  for  gasoline.  Less  than 
one-fourth  turn  was  found  to  be  sufficient,  and  with  the  valve  open 
one-half  turn  the  engine  was  stopped  by  the  excess  of  fuel. 

TESTS  WITH  GASOLINE  FUEL. 

In  the  tests  with  gasoline  it  was  intended  to  verify  in  a  general  way 
the  results  obtained  in  the  tests  with  engine  No.  2  and  also  to  study 
further  the  extent  of  the  variations  in  the  mean  effective  pressure  pro- 
duced in  the  cylinder  under  different  conditions. 

On  January  12  eighteen  tests  were  run  on  gasoline  fuel,  with  the 
results  shown  in  Table  VIII.  For  all  these  tests  the  ignition  was  set 
to  take  place  when  the  piston  was  one-fourth  inch  before  dead  center, 
2999— No.  191—07  5 
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Table  VIII. — Engine  No.  3,  results  of  tests  run  on  gasoline  fuel. 
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67 

75 

87 

11 
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8 
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1.51 
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76 

75 

After  test  71  an  attempt  was  made  to  increase  the  brake  load  with 
the  same  needle- valve  setting.  Some  time  was  spent  in  this  attempt, 
which  was  unsuccessful,  and  then  test  72,  a  duplicate  of  71,  was  run  to 
see  how  consistent  the  results  would  be  after  having  had  the  engine 
running  under  various  conditions.  The  results  showed  an  increased 
consumption  in  test  72,  and  the  engine  could  scarcely  keep  up  to  speed. 

During  test  83  the  admission  valve  opened  slightly  on  the  missed 
strokes,  so  at  the  conclusion  of  the  test  the  engine  was  stopped  and  the 
finger  holding  the  admission  valve  from  opening  on  the  missed  stroke-; 
was  bent  to  make  it  press  harder  on  the  valve  stem.  Test  84  was  then 
run  under  the  same  conditions  as  83,  and  a  saving  of  10  per  cent  in  the 
fuel  consumption  was  obtained.  Evidently  a  greater  saving  of  fuel 
would  have  been  found  with  a  lighter  load,  under  which  there  would 
have  been  more  missed  strokes  per  minute. 

The  consumptions  given  in  Table  VIII  are  shown  in  figure  6.  The 
needle- valve  setting  and  brake  horsepower  are  taken  as  axes  of  coordi- 
nates. At  the  appropriate  points  in  the  diagram  the  consumptions  in 
pounds  per  brake  horsepower  hour  are  marked.  With  these  points  as 
guides,  lines  are  drawn  through  points  of  equal  consumption.  These 
lines  are  drawn  for  consumptions  varying  from  0.9  to  1.5  pounds  per 
horsepower  hour. 

From  the  figure  and  table  it  is  evident  that  the  best  consumption  is 
obtained  at  full  load,  with  nearly  the  minimum  possible  needle- valve 
setting.  The  consumption  rapidly  increases  as  the  load  is  diminished 
or  the  needle- valve  setting  increased. 

Plate  XI  shows  an  indicator  card  for  each  of  the  tests  given  in  Table 
VIII  and  numbered  to  correspond  with  the  number  of  the  test.  Such 
cards  were  selected  as  would  represent  best  the  variations  in  the  cards 
obtained  during  each  test.    As  soon  as  each  card  was  taken  in  the 
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usual  way,  the  paper  was  inverted  on  the  indicator  drum  and  with  the 
pencil  in  contact  with  the  paper  the  indicator  string  was  slowly  pulled 
by  hand.  In  this  way  a  toothed  line  was  produced  showing  many  suc- 
cessive explosions  and  misses.  The  object  of  doing  this  was  to  observe 
the  sequence  of  explosions  as  shown  by  the  relative  heights  of  the  cards 
and  the  corresponding  maximum  pressures.  Adjacent  to  each  card  a 
portion  of  this  jagged  line  is  shown.  In  all  cases  the  line  was  traced 
by  the  indicator  pencil  from  left  to  right.  It  was  impossible  to  pull 
the  string  at  a  constant  steady  rate,  so  the  successive  cycles  are  not 
equally  spaced  along  the  line. 


■o  I  2  3  A  5 

BRAKE    HORSE  POWER 


Fig.  6.— Engine  Xo.  3.    Diagram  showing  results  of  consumption  tests  with  gasoline  fuel. 

These  lines  show  great  irregularity  in  the  order  of  succession  and  in 
the  strength  of  the  different  explosions.  They  illustrate  strikingly  the 
difficulty  of  obtaining  an  accurate  average  mean  effective  pressure  for 
use  in  computing  an  indicated  horsepower.  The  indicator  cards  show 
in  general  the  same  relations  as  found  with  engine  No.  2.  When  the 
fuel  supplied  is  slightly  in  excess  of  the  amount  corresponding  to  the 
best  consumption,  the  combustion  is  most  rapid  and  the  highest  mean 
effective  pressures  are  attained.  When  the  engine  was  working  nearly 
up  to  full  load  and  an  abundance  of  fuel  was  supplied,  it  was  observed 
that  as  the  cylinder  became  hotter  during  a  test  the  nature  of  the  com- 
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bustion  was  changed.  In  some  cases  at  the  beginning  of  a  test  the 
indicator  cards  showed  no  evidence  of  explosive  waves,  but  before  the 
test  was  over  every  explosion  produced  explosive  waves. 

In  order  to  determine  whether  any  definite  relation  exists  between 
the  maximum  explosion  pressure  and  the  mean  effective  pressure,  or 
what  is  the  same  thing,  a  relation  between  the  maximum  height  and 
the  average  height  of  the  indicator  cards,  all  the  separate  cycles  which 
could  be  distinguished  with  certainty  on  all  the  cards  taken  during  the 
tests  were  measured  by  the  planimeter.  Cards  showing  a  high  explo- 
sive wave  were  not  included,  on  account  of  the  uncertainty  of  the  max- 
imum height  of  the  card.  The  results  of  these  measurements  are 
shown  on  figure  7,  in  which  the  points  are  platted,  using  average 
heights  as  ordinates  and  maximum  heights  as  abscissas.  Different 
symbols  are  used  to  distinguish  results  obtained  with  different  needle- 
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Fig.  7.— Engine  No.  3.    Diagram  showing  relation  of  average  height  to  maximum  height  of 

indicator  cards. 

valve  settings.  All  the  points  without  respect  to  the  value  of  the 
needle-valve  setting  lie  nearly  on  the  same  line.  Evidently  by  esti- 
mating the  number  of  cycles  per  minute  of  the  different  heights,  an 
average  height  could  be  determined  from  the  curve  of  figure  7  for  use 
in  computing  indicated  horsepower.  In  this  way  mean  effective  pres- 
sures, as  given  in  Table  VIII,  were  estimated  approximately. 

TESTS  WITH  ALCOHOL  FUEL. 

Tests  88  to  106,  using  alcohol  as  fuel,  were  all  made  with  the  same 
needle- valve  setting  of  14.  The  tests  were  planned  to  show  the  effect 
on  fuel  consumption  of  a  change  of  load,  of  injecting  water  into  the 
exhaust  pipe,  of  change  of  the  engine  speed,  of  change  of  the  time  of 
ignition. 

Table  IX  contains  the  results  of  the  tests.  The  time  of  ignition  is 
indicated  by  stating  as  a  per  cent  of  the  whole  stroke  the  distance  of 
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the  piston  from  the  end  of  the  stroke  at  the  instant  of  ignition.  In 
all  cases  ignition  took  place  before  the  piston  reached  the  end  of  the 
stroke. 

Table  IX. — Engine  Xo.  3,  results  of  tests  run  on  alcohol  fuel. 


Rev- 
tions 

Fuel  consumption — 

Explo- 

Mean 

Num- 

Point 

Brake 

Dura- 

sions 

effect- 

ber of 

of  igni- 
tion. 

horse- 

tion of 

Per 

Per  brake 

per 

ive 

test. 

per 
min- 
ute. 

power. 

test. 

horsepower 
per  hour. 

min- 
ute. 

pres- 
sure. 

Per  ct. 

Minutes. 

Lbs. 

Lbs. 

Gallon. 

Lbs. 

88 

1.8 

330 

1.69 

18 

4.85 

2.88 

0.42 

87 

74 

89 

1.8 

324 

2.76 

-  20 

5.80 

2. 10 

.31 

107 

74 

90 

1.8 

319 

3.82 

18 

6.85 

1.79 

.26 

125 

74 

91 

1.8 

318 

4.90 

16 

7.40 

1.51 

.22 

135 

76 

92 

1.8 

324 

4. 96 

12 

7.35 

1.48 

.22 

145 

74 

93 

1.8 

320 

5.46 

-  16 

7.58 

1.39 

.20 

142 

76 

94 

1.8 

327 

5.58 

12 

7.78 

1.40 

.20 

149 

74 

95 
96 

1.8 

331 

1.69 

18 

6.45 

3.81 

.56 

102 

74 

1.8 

332 

2.84 

16 

7.62 

2.68 

.39 

132 

74 

97 
98 

1.8 

331 

3.95 

15 

8.20 

2.08 

.30 

142 

76 

1.8 

330 

5.06 

14 

8.57 

1.69 

.25 

146 

78 

99 

1.8 

200 

3.07 

16 

3.76 

1.22 

.18 

76 

74 

100 

1.8 

209 

3.57 

13 

4.56 

1.28 

.19 

95 

74 

101 

1.8 

241 

3.  70 

11 

5. 25 

1.42 

.21 

104 

74 

102 

f.8 

241 

4.11 

11 

5.68 

1.38 

.20 

112 

74 

103 

6.2 

317 

2.72 

18 

4.88 

1.80 

.26 

109 

70 

104 

6.2 

320 

3.82 

16 

5. 77 

1.51 

.22 

119 

74 

105 

6.2 

320 

4.91 

13 

6.85 

1.40 

.20 

140 

77 

106 

5.6 

320 

5.46 

13 

6.80 

1.25 

.18 

137 

78 

Nature  of  test. 


Various  brake 
loads. 


Water  injection 
in  exhaust 
pipe. 

Slow  speed. 
Early  ignition. 


The  fuel  consumptions  given  in  Table  IX  are  platted  on  figure  8 
with  respect  to  brake  horsepower.  Plate  XII  shows  a  representative 
indicator  card  for  each  of  the  tests. 
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Fig.  8.— Engine  No.  3.   Diagram  showing  results  of  consumption  tests  on  alcohol  fuel. 

Tests  88  to  94  show  the  effect  of  brake  load  on  fuel  consumption. 
Xo.  92  was  a  duplicate  of  91,  and  similarly  94  was  a  repetition  of  93. 
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These  duplicates  were  taken  after  other  tests  had  been  run  to  see  if 
consistent  results  would  indicate  a  uniformity  of  conditions  of 
operation. 

In  tests  95  to  98  a  small  stream  of  water  was  injected  into  the 
exhaust  pipe  to  muffle  the  noise  and  cool  the  exhaust.  The  fuel  con- 
sumption was  materially  increased.  The  water  seemed  to  work  back 
into  the  engine  cylinder,  especially  at  light  loads  when  the  exhaust 
valve  was  held  open  during  many  missed  strokes. 

Tests  99  to  102  were  made  with  the  engine  running  at  a  greatly 
reduced  speed.  Compared  with  the  previous  tests,  of  course  for 
a  given  horsepower,  the  proportional  number  of  misses  is  greatly 
reduced,  the  mechanical  efficiency  of  the  engine  is  increased,  and  the 
fuel  consumption  much  improved.  But  more  than  this,  the  results 
indicate  a  much  reduced  consumption  when  the  load  on  the  brake 
in  pounds  was  just  the  same,  since  tests  93,  94,  100,  and  102  had  the 
same  brake  load,  and  numbers  91,  92,  99,  and  101  had  the  same  load. 

For  the  last  four  tests,  103  to  1.06,  the  ignition  was  much  advanced. 
The  results  show  much  better  consumptions  than  were  obtained  in 
the  earlier  tests. 

SUMMARY  OF  TESTS  ON  ENGINE  NO.  3. 

(1)  Variations  of  fuel  consumption  with  different  adjustments  of 
the  needle  valve  as  found  in  engine  No.  2  were  confirmed. 

(2)  Any  opening  of  the  mixture  admission  valve  on  miss  strokes 
produced  an  appreciable  waste  of  fuel. 

(3)  Different  indicator  cards  taken  in  succession  vary  greatly  in 
shape  and  area,  showing  great  irregularity  in  mean  effective  pressure. 

(4)  Slow  speeds  gave  a  better  alcohol  fuel  consumption  than  high 
speed. 

(5)  Water  injected  into  the  exhaust  pipe  increased  the  consumption 
of  alcohol  fuel. 

(6)  Very  early  ignition  much  improved  the  alcohol  fuel  consump- 
tion with  the  weak  mixture  used. 

(7)  The  best  consumption  obtained  with  gasoline  was  0.85  pound 
per  brake  horsepower  hour. 

(8)  The  best  consumption  with  alcohol  fuel  at  320  revolutions  per 
minute  was  1.25  pounds  per  brake  horsepower  hour.  A  slightly 
better  consumption  was  obtained  at  200  revolutions  per  minute. 

(9)  The  mean  effective  pressure  with  both  alcohol  and  gasoline 
fuel  at  best  consumption  was  about  74  pounds.  Higher  values  were 
obtained  with  richer  fuel  mixtures. 
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ENGINE  NO.  4. 

DESCRIPTION  OF  ENGINE. 

This  engine  is  of  the  single  cylinder,  vertical  type,  with  6-inch  bore 
and  8-inch  stroke,  rated  at  6  horsepower  at  350  revolutions  per  min- 
ute. It  is  fitted  with  a  throttle  governor,  designed  for  closer  regula- 
tion than  can  be  secured  by  a  hit-and-miss  governor.  The  engine  is 
shown  in  the  photograph,  Plate  XIII,  direct  connected  to  a  generator 
and  provided  with  a  pulley  for  driving  a  centrifugal  pump.  The  car- 
bureter and  governing  valve  are  shown  in  the  cross  section,  Plate 
XIY. 

Liquid  fuel  is  supplied,  as  in  the  other  engines,  through  a  pump, 
shown  in  the'  photograph  about  on  a  level  with  the  shaft  and  in  line 
with  the  left-hand  fry- wheel  hub.  It  rises  through  a  pipe,  shown 
crossing  the  lower  part  of  the  cylinder  to  the  carbureter  near  the  top 
of  the  cylinder,  there  entering  the  constant-level  chamber  through 
the  pipe  marked  ''fuel  supply"  and  overflowing  b}^  the  pipe  marked 
"  overflow,"  as  shown  by  Plate  XIV.  Gasoline  flowing  from  this 
constant-level  chamber  to  the  orifice  is  regulated  by  a  needle  valve, 
as  in  previous  cases,  and  the  flow  is  a  weak  suction  flow,  because  the 
orifice  is  about  three-fourths  inch  higher  than  the  constant-level  over- 
flow pipe.  The  inlet  valve  to  this  engine  is  automatically  operated 
and  connected  with  the  carbureter  spra}-  by  the  passage  marked 
"  inlet  port  to  engine,"  Plate  XIV.  Between  the  inlet  port  of  the 
engine  and  the  carbureter  proper  there  is  placed  a  gridiron-valve  seat 
and  a  gridiron  valve  moving  on  it.  This  gridiron  valve  is  operated 
by  a  governor,  and  a  motion  of  about  three-eighths  of  an  inch  will 
change  the  position  from  wide  open  to  closed.  This  change  in  posi- 
tion regulates  the  area  of  opening  available  for  the  passage  of  mix- 
ture to  the  inlet  port,  and  thereby  regulates  the  quantity  of  mixture 
received  by  the  engine.  Air  enters  a  regulating  cock,  shown  in  the 
photograph,  and  flows  through  the  air  inlet  pipe  to  the  top  of  the 
carbureter  chamber,  thence  flowing  downward  across  the  spray  to 
the  governor  valve  gridiron  ports  to  the  inlet  port,  the  flow  of  air 
thus  being  directed  approximately  across  the  spray-  In  this  engine 
some  charge  will  be  admitted  every  stroke  and  every  stroke  will  be 
accompanied  by  an  ignition,  but  the  quantity  of  mixture  and  the 
work  done  on  each  stroke  will  be  proportional  to  the  load  and  will  be 
regulated  by  the  governor  through  the  influence  of  this  gridiron 
valve.  The  construction  of  the  valve  is  such  with  respect  to  the 
spraying  orifice  and  the  air  inlet  that  some  of  the  air  may  escape 
across  the  top  of  the  orifice  without  assisting  in  the  spray. 

The  cock  in  the  air  admission  pipe  was  numbered  from  0  to  4 ;  zero 
at  no  opening,  and  4  when  wide  open.    The  head  of  needle-valve 
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stem  was  divided  into  40  divisions.  The  compression  as  determined 
by  a  168-pound  indicator  spring  was  128  pounds.  It  appeared  that 
before  the  engine  was  sent  to  us  for  testing  the  compression  had  been 
increased  by  lengthening  the  connecting  rod  and  by  fastening  a  plate 
about  one-fourth  of  an  inch  thick  on  the  head  of  the  piston.  This 
plate  had  a  notch  cut  in  it  on  the  side  next  the  spark  plug,  and  when 
the  engine  was  cold  it  was  difficult  to  insert  a  piece  of  cardboard 
between  the  spark  plug  and  the  edge  of  the  notch  when  the  piston 
was1  in  its  highest  position. 

DESCRIPTION  OF  TESTS. 

The  compression  was  so  high  that  even  with  the  compression- 
release  lever  thrown  in  it  was  hard  to  turn  the  engine  past  the  center 
by  hand.  Starting  with  gasoline  fuel  was  easily  accomplished  with 
the  air  cock  at  1.5  and  the  needle  valve  at  20.  To  start  with  alcohol 
fuel,  the  air  cock  was  put  at  1.5,  the  needle  valve  at  about  30,  and  a 
few  drops  of  gasoline  were  injected  into  the  air  suction  to  produce 
the  first  explosion.  Later  it  was  found  that  the  engine  could  be 
started  on  alcohol  alone  without  the  use  of  any  gasoline  by  opening 
up  the  needle  valve  one  full  turn  or  more. 

Some  trouble  was  experienced  with  the  cylinder-head  gasket. 
There  are  only  four  bolts  in  the  cylinder  head,  which  puts  them 
rather  far  apart.  Moreover,  two  of  the  bolts  have  an  extra  length  in 
order  to  pass  through  and  hold  a  support  for  the  exhaust-valve  lever. 
Several  gaskets  held  for  a  time,  but  were  ultimately  blown  out  by  the 
violent  high-pressure  gasoline  explosions  resulting  from  the  high 
initial  compression.  Finally,  a  heavy  asbestos  gasket,  coated  with 
graphite  and  oil,  was  made  to  hold. 

When  using  gasoline  fuel,  as  soon  as  much  load  was  applied  to  the 
engine  preignitions  would  begin  to  occur,  and  then  the  engine  would 
continue  to  run  with  the  battery  current  turned  off.  This  preigni- 
tion  produced  violent  hammering  in  the  cylinder  and  prevented  any 
satisfactory  consumption  tests  with  the  gasoline  fuel.  The  preigni- 
tions could  be  checked  by  squirting  water  into  the  air-suction  pipe, 
and  the  hammering  was  largely  reduced  when  a  considerable  excess 
of  fuel  was  used. 

As  in  engine  No.  1,  there  was  a  close  relation  between  the  air-cock 
setting  and  the  possible  needle-valve  settings.  Closing  the  air  cock 
increased  the  suction  in  the  inlet  port  leading  to  the  admission  valve 
and  consequently  increased  the  flow  of  fuel  past  the  needle  valve. 
With  no  load  on  the  engine,  when  the  air  cock  was  closed  to  0.5  the 
minimum  needle-valve  setting  under  which  the  engine  would  run  on 
gasoline  was  4,  while  with  the  air  cock  opened  to  2.0  the  minimum 
needle-valve  setting  was  10.    Similarly,  with  a  load  of  about  6  horse- 
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power,  air  cock  at  2.0  the  minimum  needle-valve  setting  was  12, 
while  with  the  air  cock  at  3.0  the  minimum  needle-valve  setting  was 
about  18. 

It  would  seem  desirable  to  have  the  air  cock  open  as  wide  as  possi- 
ble during  the  running  of  the  engine,  so  as  to  reduce  the  vacuum  in  the 
cylinder  during  the  suction  stroke  and  thus  render  the  negative  work 
in  the  cylinder  as  small  as  possible.  But  it  was  found,  especially  at 
light  loads,  that  the  engine  ran  less  steadily  with  large  openings  for 
air  and  fuel  admission  valves.  Apparently  the  governor  could  exer- 
cise better  control  with  small  openings. 

On  several  occasions  after  running  on  full  load  for  some  time  the 
engine  stopped  suddenly,  apparently  from  failure  to  ignite.  Finally, 
we  removed  the  igniter  and  found  that  the  plate  on  the  end  of  the 
piston  had  been  striking  the  corner  of  the  insulated  spark  plug.  This 
would  short  circuit  the  plug  and  prevent  ignition.  Evidently  this 
occurred  only  when  the  piston  and  connecting  rods  were  very  hot, 
because  the  engine  after  stopping  could  always  be  started  again  after 
a  few  minutes  rest.  A  thinner  packing  had  been  put  on  the  igniter 
than  the  one  used  originally,  and  this  increased  the  tendency  of  the 
extreme  corner  of  the  plug  to  strike  on  the  beveled  edge  of  the  recess 
in  the  plate  on  the  top  of  the  piston.  The  trouble  was  remedied  by 
grinding  off  the  corner  of  the  spark  plug. 

RESULTS  OF  TESTS. 

During  the  first  set  of  tests  on  both  gasoline  and  alcohol  as  fuel,  the 
aim  was  to  determine  the  best  consumptions  obtainable  rather  than 
to  find  the  possible  variation  in  consumption.  The  ignition  was 
adjusted  for  each  case  to  give  the  best  results  as  indicated  by  the 
cards  taken.    Table  X  gives  the  results  of  these  tests. 

Table  X. — Engine  No.  4,  results  of  tests  with  gasoline  and  alcohol  fuel. 

GASOLINE. 


Num- 
ber of 
test. 


Air- 
valve 

set- 
ting. 


Needle- 
valve 
set- 
ting. 


Revolu- 
tions per 
minute. 


Brake 
horse- 
power. 


Dura- 
tion of 
test. 


Fuel  consumption- 


Per 
hour. 


Per 
brake 
horse- 
power 
hour- 


110 
111 
112 
113 
114 
115 
116 
117 


4 
4 
4 

2 
2 

1.6 

4 

4 

4 

4 

4 


356 
356 
356 
356 
357 


340 
348 
350 
346 


0 
0 
0 
0 
0 
0 

5.91 
6.05 


Minutes. 
10 
8 
8 
6 
4 
4 


Pounds. 
2. 18 
1.92 
1.69 
1.88 
1.69 
1.50 
10.  94 
8. 91 
5. 10 
7.50 
5. 06 


Pounds 


Gallon. 


Table  X. — Engine  No.  4,  results  of  tests  with  gasoline  and  alcohol  fuel — Continued. 

ALCOHOL. 


Num 

ber  of 
test. 

Air- 
valve 

set- 
ting. 

Needle- 
valve 
set- 
ting. 

xvv  v  yji  u- 

tions  per 
minute. 

Brake 
horse- 
power. 

Dura 
tion  of 
test. 

Fuel  consumpt 
Per 

p  brake 
hour.    I  horse- 
I  power 
hour. 

on — 

Minutes. 

Pounds. 

Pounds. 

Gallon. 

118 

4 

32 

356 

0 

6 

3. 12 

119 

3 

35 

0 

6 

3. 12 

120 

3 

28 

356 

0 

6 

3.  31 

121 

20 

0 

6 

2.  88 

122 

2 

16 

356 

0 

8 

3.00 

123 

4 

33 

352 

6.11 

8 

7.  41 

1.21 

0.18 

124 

4 

31 

352 

6.11 

8 

7.  45 

1.22 

.18 

125 

3 

30 

352 

6. 11 

10 

8.  74 

1.  43 

.21 

126 

3 

25 

352 

6.11 

14 

7. 64 

1.25 

.18 

127 

3 

21 

350 

6. 08 

8 

7.50 

1.23 

.18 

128 

3 

21 

352 

6. 11 

10 

7.  24 

1.19 

.17 

129 

4 

31 

348 

6.  68 

8 

8.  81 

1.32 

.19 

130 

4 

33 

350 

6.  71 

8 

7.67 

1.14 

.17 

131 

4 

33 

348 

7.30 

8 

8.62 

1.18 

.17 

A  representative  indicator  card  for  each  test  in  Table  X  is  shown 
on  Plate  XV.  Each  card  is  numbered  to  correspond  with  the  number 
of  th  test.  For  the  cards  with  no  load  on  the  engines  the  atmospheric 
line  is  not  drawn  across  the  card,  but  is  indicated  by  a  short  line 
projecting  beyond  each  end  of  the  card.  Different  springs  were  used 
on  different  cards,  but  the  scale  is  indicated  on  each  card. 

The  throttling  governor  produces  continually  a  variation  in  the 
size  of  the  cards.  With  no  load  the  governor  closes  so  much  as  to 
produce  a  high  vacuum  in  the  cylinder  during  the  suction  stroke, 
with  a  consequent  small  fuel  charge  and  low  compression  pressure. 
With  no  load  the  engine  ran  most  steadily  with  the  air  cock  con- 
siderably closed.  This  was  indicated  by  the  regularity  of  the  sound 
of  the  exhaust  and  by  the  steady  position  of  the  throttle-valve  rod. 
A  comparison  of  cards  109,  111,  and  112  shows  a  slower  combustion 
on  the  first  card  than  on  the  others.  Possibly  the  higher  suction  in 
the  latter  tests  produced  a  more  uniform  and  hence  a  more  explosive 
mixture. 

Tests  113  to  117  were  all  with  nearly  full  load  on  the  engine.  The 
ignition  was  set  late  on  all  these  tests,  but  after  running  a  little  while 
the  cylinder  became  so  hot  that  preignitions  took  place,  with  hammer- 
ing so  violent  that  the  tests  had  to  stop.  After  test  No.  114  the  engine 
was  stopped  for  fifteen  minutes  to  cool,  and  again  after  test  No.  116. 

Indicator  card  113  shows  slow  combustion,  due  to  the  great  excess 
of  fuel.  In  114  the  excess  was  still  considerable,  but  combustion 
took  place  a  little  more  quickly.  Card  115  shows  very  explosive 
combustion,  as  also  does  116.  Card  117  shows  more  moderate  com- 
bustion, due  to  the  somewhat  weaker  mixture.  The  best  consumption 
was  obtained  in  this  test.    The  result,  0.73  pound  per  brake  horse- 
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Plate  XV. 


Engine  No.  4.   Representative  Indicator  Cards. 
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power  hour,  was  about  the  same  as  obtained  with  other  engines  of 
lower  compression. 

Tests  118  to  122  with  alcohol  fuel  show  that  with  no  load  about 
the  same  best  fuel  consumption  could  be  obtained  with  any  air-cock 
setting,  provided  the  proper  corresponding  needle-valve  setting  is 
obtained.  The  indicator  cards  show  great  irregularities,  indicating 
that  the  governor  does  not  keep  the  throttle  valve  steady  for  light 
loads. 

In  the  load  tests  with  alcohol  the  indicator  cards  were  quite  regular 
and  uniform  and  the  operation  of  the  engine  was  perfectly  satis- 
factory. In  test  124  the  minimum  possible  needle-valve  setting  was 
used.  Tests  125  to  128  differ  only  in  needle-valve  settings.  No.  125, 
with  the  largest  needle-valve  setting  and  greatest  consumption,  shows 
also  by  the  indicator  card  the  most  explosive  mixture.  Tests  127 
and  128,  with  the  same  minimum  needle-valve  settings,  were  under 
the  same  conditions,  except  that  127  was  made  upon  first  starting  the 
engine  in  the  morning  and  128  was  made  about  an  hour  and  a  half 
later,  when  the  engine  cylinder  was  very  probably  considerably 
warmer. 

Test  130  was  run  at  the  minimum  needle-valve  setting  for  the 
given  load  and  air-cock  setting.  In  test  131  the  maximum  brake 
horsepower  of  7.30  was  obtained.  The  consumption  of  1.18  pounds 
per  brake  horsepower  hour  was  very  satisfactory.  The  needle  valve 
could  not  be  varied  two  divisions  in  either  direction  without  prevent- 
ing the  engine  from  carrying  the  load.  The  consumption  was  slightly 
greater  than  in  test  130,  but  the  difference  is  scarcely  more  than  the 
uncertainty  in  the  measurements. 

In  reducing  the  consumption  to  a  minimum,  either  by  closing  the 
needle  valve  or  by  opening  the  air  valve,  there  is  a  rather  narrow 
range  between  the  setting  for  best  consumption  and  the  setting 
beyond  which  the  engine  will  no  longer  run.  This  range  is  more 
apparent  for  no  load  than  under  full  load.  As  the  setting  is  varied 
from  that  for  best  consumption  toward  the  limiting  value  beyond 
which  the  engine  will  no  longer  run,  the  exhaust  becomes  venr  irreg- 
ular in  sound,  varying  through  series  of  louder  and  softer  puffs.  The 
indicator  diagrams  become  correspondingly  irregular,  and  the  gov- 
ernor rod  can  be  seen  moving  up  and  down  through  a  considerable 
range.  With  no  load  it  is  possible  to  obtain  consumption  runs  in  this 
unsteady  region,  and  the  results  invariably  show  a  higher  consumption 
than  with  settings  in  the  steady  region.  With  full  load  it  is  almost 
impossible  to  obtain  tests  in  this  limiting  range;  it  is  so  narrow  and 
the  danger  of  the  engine  stopping  under  its  load  is  so  great. 

With  alcohol  fuel  the  best  consumption  results  arranged  in  order 
of  size  are  1.14,  1.18,  1.19,  1.21,  1.22,  and  1.23  pounds  per  brake 
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horsepower  hour.  The  conditions  of  testing  cause  some  uncertainty 
in  the  last  figure  in  every  case,  so  the  slight  variations  would  indicate 
that  we  had  obtained  about  the  best  possible  consumption  with  this 
engine  under  the  existing  conditions  of  operation. 

Measurement  of  the  larger  cycles  on  the  indicator  cards  of  the  full 
load  tests  with  alcohol  fuel  showed  a  maximum  mean  effective  pressure 
at  best  consumption  of  about  97  pounds. 

HEATED-AIR  TESTS. 

The  next  tests  were  planned  to  determine  whether  any  improve- 
ment in  consumption  could  be  obtained  by  heating  the  air  passing 
into  the  carbureter,  so  that  the  liquid  alcohol  might  be  more  readily 
and  more  completely  vaporized. 

The  air  suction  pipe  was  lengthened  and  provided  with  one  branch 
connected  to  a  chamber  heated  by  a  live  steam  coil.  Another  branch 
permitted  cold  air  to  enter  as  before.  A  valve  in  each  branch  enabled 
any  desired  mixture  of  hot  and  cold  air  to  be  obtained.  A  ther- 
mometer cup  was  inserted  into  the  pipe  close  to  the  carbureter.  This 
arrangement  made  the  proper  valve  settings  for  best  consumption 
still  more  difficult  than  before,  on  account  of  the  two  air  valves  to  be 
adjusted.  A  movement  of  either  of  these  valves  changed  the  amount 
of  vacuum  in  the  suction  pipe,  and  it  had  been  shown  before  that  there 
was  a  very  definite  relation  between  this  vacuum  and  the  fuel  valve 
setting  necessary  for  best  consumption.  However,  the  adjustments 
were  carefully  made,  many  combinations  of  settings  were  tried,  and  in 
most  of  the  tests  the  settings  were  as  close  to  those  for  best  consump- 
tion as  could  be  determined  by  careful  inspection. 

Table  XI  contains  the  results  of  the  tests  with  heated  air  supplied 
to  the  carbureter.  In  some  additional  tests,  not  given,  the  consump- 
tions obtained  were  not  so  good  as  those  printed,  evidently  on  account 
of  wrong  relative  settings  of  the  valves. 

Table  XI. — Engine  No.  4,  results  of  tests  with  alcohol  fuel  with  heated  air  supplied  to 

the  carbureter. 


Num- 
ber of 
test. 

Tempera- 
ture of 
air  used. 

Needle- 
valve 
setting. 

Revo- 
lutions 

per 
minute. 

Brake 
horse- 
power. 

°  F. 

132 

81 

25 

356 

0 

133 

126 

25 

356 

0 

134 

132 

25 

0 

135 

135 

25 

354 

0 

136 

138 

21 

0 

137 

137 

23 

356 

0 

138 

80 

25 

348 

6. 68 

139 

82 

25 

346 

6.  64 

140 

108 

25 

344 

6.  60 

141 

126 

25 

346 

6.  64 

142 

128 

25 

344 

6.  60 

143 

137 

25 

344 

6. 60 

Duration 
of  test. 


Minutes. 


Fuel  consumption- 


Per 
hour. 


Pounds. 
3.  23 
3. 19 
3.  33 
3.09 
3.  42 
3. 33 
8.  18 
7.50 
7.69 
7.  95 
7.  73 
7.  50 


Per  brake  horse- 
power hour. 


Pounds. 


1.22 
1. 13 
1.17 
1.20 
1. 17 
1.14 


Gallon. 


0. 18 
.  17 
.17 
.18 
.17 
.17 
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The  temperature  of  the  air  entering  the  carbureter  was  never  quite 
constant.  During  some  tests  it  was  slowly  rising,  in  others  it  was 
falling.  The  temperature  of  the  air  used,  as  given  in  Table  XI,  is  the 
average  of  the  temperature  observed  during  the  test. 

Typical  indicator  cards  from  most  of  the  tests  in  Table  XI  are 
shown  on  Plate  XVI.  For  some  of  the  tests  no  cards  are  reproduced, 
because  they  showed  no  essential  difference  in  form  from  cards 
obtained  during  other  comparable  tests. 

The  consumptions  obtained  with  the  heated  air  did  not  differ 
appreciably  from  those  obtained  with  cold  air;  but  it  was  found  that 
under  load,  when  the  air  had  a  sufficiently  high  temperature  the 
fuel  mixture  would  preignite.  This  tendency  toward  self-ignition 
became  operative  when  the  temperature  of  the  air  used  was  about 
125°  F.  Card  141  shows  an  occasional  preignition.  There  was 
nothing  in  the  appearance  or  the  sound  of  the  engine  to  indicate  such 
preignitions,  and  they  could  only  be  detected  by  means  of  the  indicator 
cards. 

After  test  143  the  temperature  of  the  air  was  reduced  to  125°,  the 
battery  current  was  turned  off,  and  the  engine  allowed  to  run  by  its 
self-ignitions.  There  was  no  hammering  in  the  cylinder  and  the 
operation  of  the  engine  seemed  perfectly  satisfactory  in  every  way. 
The  load  was  gradually  increased  and  was  nearly  8  horsepower  before 
the  engine  was  stopped.  Card  143A  was  taken  just  before  the  highest 
load  was  reached. 

Card  143B  was  taken  with  the  entering  air  at  a  temperature  of 
150°.  Although  the  engine  ran  without  hammering,  ignition  occurred 
so  early  that  the  power  of  the  engine  was  materially  reduced.  Only 
about  5§  horsepower  could  be  carried  by  the  engine,  but  this  load 
was  carried  for  a  full  minute  without  the  battery  current. 

A  measurement  of  some  of  the  full  load  indicator  cards  showed  a 
maximum  mean  effective  pressure  of  about  93  pounds. 

SUMMARY  OF  TESTS  ON  ENGINE  NO.  4. 

(1)  No  entirely  satisfactory  gasoline  consumption  tests  could  be 
obtained,  because  the  high  compression  of  128  pounds  produced  pre- 
ignition and  violent  hammering.  Short  runs  showed  approximately 
the  same  gasoline  consumption  as  other  engines  using  lower  com- 
pression. 

(2)  The  operation  of  the  engine  with  alcohol  was  entirely  satisfac- 
tory with  this  high  compression. 

(3)  The  best  alcohol  consumption  obtained  was  1.13  pounds  per 
brake  horsepower  hour. 

(4)  As  compared  with  the  other  engines  tested,  there  was  only  a 
slight  improvement  in  consumption,  due  to  the  higher  compression 
used. 
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(5)  Any  slight  error  in  the  regulation  or  adjustment  of  the  engine 
would  much  outweigh  the  benefit  of  increased  compression  on  the 
fuel  consumption. 

(6)  The  maximum  mean  effective  pressure  obtaim  d  was  about  97 
pounds  at  best  consumption. 

(7)  With  the  air  entering  the  carbureter  heated  o  125°  F.,  the 
engine  would  self-ignite  with  alcohol  fuel. 

(8)  This  preignition  caused  no  hammering  in  the  ?ngine  cylinder 
and  was  in  no  way  objectionable  in  the  operation  of  he  engine. 

(9)  With  the  air  entering  the  carbureter  heated  to  150°  F.,  pre- 
ignition took  place  so  early  as  to  reduce  the  maxim  im  power  of  the 
engine,  but  otherwise  it  continued  to  run  satisfactor  ly. 

(10)  The  use  of  heated  air  produced  no  appreciable  change  in  the 
fuel  consumption. 

(11)  With  the  air  heated  to  125°,  the  maximum  mean  effective 
pressure  at  best  consumption  was  about  93  pounds. 

ENGINE  NO.  5. 

DESCRIPTION  OF  ENGINE. 

This  engine  is  designed  for  kerosene,  whereas  all  the  engines  pre- 
viously described  are  intended  for  gasoline.  It  is  a  single  cylinder, 
horizontal  engine,  two-cycle,  with  crank  case  compression.  The 
head-end  compression,  as  determined  from  indicator  cards,  is  84 
pounds  per  square  inch.  It  is  rated  at  6  horsepower  at  360  revolu- 
tions per  minute,  having  a  cylinder  diameter  of  7  inches  and  a  stroke 
of  8  inches,  and  is  shown  fairly  well  in  photograph  (PI.  XVII)  and 
in  cross  section  (fig.  9).  The  engine  has  no  carbureter,  but  is  fitted 
with  a  separate  vaporizing  chamber.  Oil  is  supplied  to  a  pump  on 
top  of  the  engine,  which  delivers  it  directly  through  pipe  A  to  the 
vaporizer  lip  B.  This  pump  also  has  a  hand-operated  handle  C  to 
deliver  oil  in  starting. 

When  the  piston  moves  away  from  the  shaft  two  things  happen. 
First,  in  the  motor  cylinder  compression  takes  place;  second,  in  the 
crank  case  the  air  expands  to  below  atmospheric  pressure.  When  the 
open  end  of  the  piston  reaches  the  port  in  the  bottom  of  the  cylinder, 
marked  "  suction  port,"  air  rushes  in  to  fill  the  vacuum  produced  in 
the  crank  case  during  the  early  part  of  this  stroke.  About  the  same 
time  compression  has  been  completed  in  the  head  end  of  the  cylinder 
the  air  has  carried  the  liquid  fuel  from  the  vaporizer  lip  into  the  bulb 
D,  where  the  fuel  is  vaporized  more  or  less  completely,  is  mixed  with 
the  air,  and  the  mixture  finally  ignited.  Under  the  influence  of  the 
high  pressure  resulting  from  this  explosion  the  piston  moves  forward 
until  the  bottom  of  the  piston  on  its  head  end  comes  in  line  with 
the  po»rt  at  the  bottom  of  the  cylinder  marked  UE, "  which  is  the 
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exhaust  port.  Immediately  the  pressure  in  the  cylinder  drops  to  that 
of  the  atmosphere,  and  the  top  edge  of  the  piston  head  moves  to  the 
port  on  the  top  of  the  cylinder  marked  "air  port."  During  this  for- 
ward or  expansion  stroke  in  the  motor  the  air  in  the  crank  case  has 
been  compressed,  and  this  compressed  air  rushes  through  the  air  port 
from  the  crank  case  to  the  head  end  of  the  cylinder  as  soon  as  the  air 
port  is  uncovered  by  the  piston. 

The  water  in  the  water  jacket  does  not  circulate,  but  is  maintained 
at  a  fixed  level  by  a  float  valve,  and  as  heat  is  received  from  the  motor 
cylinder  this  water  is  evaporated,  the  steam  rising  to  the  dome  F, 
passing  thence  through  the  pipe  G  to  the  air  port  entering  the  motor 


Fig.  9.— Engine  No.  5.   Cross  section. 

cylinder  with  the  air  charge.  Every  forward  stroke  is  a  working 
stroke,  and  toward  the  end  of  every  compression  stroke  fuel  is  injected, 
the  amount  of  fuel  being  regulated  by  the  governor,  which  is  shown 
rather  poorly  in  the  photograph.  The  governor  operates  a  rocker 
arm,  carrying  a  finger,  which  strikes  the  pump  piston  rod.  Too  high 
a  speed  changes  the  position  of  the  eccentric  operating  this  rocker 
arm,  reducing  the  stroke  of  the  pump. 

DESCRIPTION  OF  TESTS. 

Many  things  were  tried  in  the  attempt  to  make  this  engine  run  on 
alcohol,  and  finally  conditions  were  obtained  under  which  the  opera- 
tion was  entirely  satisfactory.    It  was  found  that  the  pump  could 
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not  draw  sufficient  fuel  if  any  suction  lift  was  necessary,  and  the  tests 
were  run  with  the  fuel  delivered  to  the  pump  under  a  head  of  6  to  12 
inches.  Some  trouble  was  encountered  with  dirt  and  air  getting  into 
the  fuel  pipe  and  the  four  check  valves  in  the  pipe.  A  filter  was 
inserted  in  the  fuel  feed  pipe  and  it  was  then  found  that  if  the  pipe 
and  valves  were  carefully  cleared  of  dirt  and  air  before  starting 
further  difficulty  was  avoided. 

The  fuel-injection  orifice  on  the  engine  for  use  with  kerosene  was 
0.022  inch  in  diameter.  It  was  found  necessary  to  have  a  larger 
orifice  for  alcohol,  and  one  was  made  with  a  diameter  of  0.040  inch. 
It  was  also  found  necessary  to  disconnect  the  steam  injection  into 
the  transfer  port  and  to  increase  the  pump  stroke  for  alcohol.  On 
all  the  tests  the  governor  was  set  for  as  slow  a  speed  as  possible. 
We  tried  running  the  engine  on  kerosene  under  the  same  conditions 
as  were  found  best  for  alcohol,  but  it  was  found  necessary  to  use  the 
small  fuel  orifice,  to  use  the  steam  injection,  and  short  pump  stroke 
in  order  to  secure  satisfactory  operation  without  hammering. 

With  alcohol  there  was  no  difficulty  in  keeping  the  bulb  hot.  If 
the  engine  was  started  with  the  bulb  showing  a  barely  perceptible 
trace  of  red,  with  the  engine  running  under  full  load,  the  bulb  soon 
reached  a  bright  red  heat.  The  engine  could  be  started  just  as 
readily  with  alcohol  as  with  kerosene. 

RESULTS  OF  TESTS. 

Table  XII  contains  the  results  of  the  consumption  tests.  The  fuel 
injection  orifice  for  all  the  kerosene  tests  was  0.022  inch  in  diameter 
and  for  the  alcohol  tests  0.040  inch  in  diameter. 


Table  XII. — Engine  No.  5,  results  of  consumption  tests. 
KEROSENE  FUEL. 


Num- 
ber of 
test. 

Amount 
ordinary 
pump 
stroke 
was  in- 
creased. 

Revo- 
lutions 

per 
minute. 

Net 
brake 
load. 

Brake 
horse- 
power. 

Dura- 
tion of 
test. 

Fuel  consumption— 

Per 
hour. 

Per  brake  horse- 
power hour. 

144 
145 
14G 
147 

Inches. 
0 
0 
0 
0 

348 
335 
317 
308 

Pounds. 
0.0 
12.5 
47.5 
57.5 

0.00 
1.52 
5.46 
6.42 

Minutes. 
8 
8 
8 
8 

Pounds. 
2.81 
3.51 
5.62 
6.32 

Pounds. 

Gallons. 

2.31 
1.03 

.98 

0.35 
.15 
.15 

ALCOHOL  FUEL. 

148 
149 
150 
151 
152 

0.000 
.042 
.042 
.084 
.084 

312 
341 

338 
373 
356 

47.5 
47.5 
57.5 
47.5 
57.5 

5.37 
5.87 
7.05 
6.42 
7.42 

10 
10 
10 
10 

8 

10.28 
10.70 
11.28 
11.12 
12.50 

1.92 
1.82 
1.60 
1.73 
1.68 

0.28 
.27 
.23 
.25 
.25 

A  representative  indicator  card  for  each  test  is  shown  on  figure  10. 
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Tests  144  to  147,  using  kerosene  fuel,  form  a  series  with  varying 
brake  load  under  uniform  conditions.  The  speed  varied  from  348 
revolutions  per  minute  at  no  load  to  308  revolutions  per  minute  at 
maximum  load.  The  oil  consumed  per  hour  increased  from  2.81 
pounds  at  no  load  to  6.32  pounds  per  hour  at  the  maximum  load 
of  6.42  horsepower.  The  best  consumption  was  0.98  pound  per  brake 
horsepower  hour  at  maximum  load. 

Tests  148  to  152  were  made  with  alcohol  as  a  fuel.  In  test  148 
the  normal  fuel  pump  stroke  was  used  and  the  load  was  the  highest 
that  could  be  carried  easily  with  that  pump  stroke.  The  brake 
horsepower  developed  was  5.37  with  a  consumption  of  1.92  pounds 
of  alcohol  per  brake  horsepower  hour.    The  indicator  cards  show  an 
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Fig.  10.— Engine  No.  5.    Indicator  cards. 


occasional  late  ignition,  with  a  general  tendency  toward  preignition. 
Cards  taken  toward  the  end  of  the  test  showed  rather  earlier  ignition 
than  the  cards  at  the  beginning  of  the  test.  This  was  probably 
caused  by  the  heating  up  of  the  bulb. 

Test  149  was  made  with  the  same  number  of  pounds  on  the  brake, 
but  with  an  increased  fuel  pump  stroke.  The  increased  speed  raised 
the  brake  horsepower  to  5.87,  with  a  slight  attendant  decrease  in  the 
consumption  of  alcohol  per  brake  horsepower  hour. 

Test  150  was  made  with  the  maximum  load  that  could  be  carried 
with  the  same  fuel  pump  stroke.  The  brake  horsepower  was  7.05 
and  the  alcohol  consumption  was  1.60  pounds  per  brake  horsepower 
hour.    Twice  during  the  run  the  engine  momentarily  failed  to  carry 
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the  load.  The  last  indicator  card  taken  during  the  run,  the  one 
reproduced,  shows  much  preignition  and  irregularity  in  the  explosions. 

Test  151,  with  the  fuel  pump  stroke  still  further  increased  and  with 
the  same  brake  setting  as  in  tests  148  and  149,  the  speed  was  consid- 
erably increased,  and  the  brake  horsepower  was  raised  to  6.42  with  an 
alcohol  consumption  of  1.73  pounds  per  brake  horsepower  hour. 
Compared  with  tests  148  and  149,  these  results  indicate  that  an 
increase  in  speed  not  only  increases  the  brake  horsepower,  but  also 
decreases  the  consumption  in  pounds  per  horsepower  hour.  The 
indicator  cards  show  decided  preignition.  At  the  conclusion  of  the 
run  the  bulb  was  very  hot. 

When  test  152  was  started,  the  engine  kept  breaking  down  from 
preignitions.  Opening  the  shutter  did  not  cool  off  the  bulb  suffi- 
ciently, so  the  engine  was  stopped  and  started  again  when  the  bulb 
was  showing  only  a  barely  perceptible  trace  of  red.  In  three  or  four 
minutes  the  bulb  was  bright  red  and  in  ten  minutes  the  engine  again 
broke  down  from  preignition.  In  this  test  the  highest  power  of  any 
run  was  obtained,  7.42  brake  horsepower.  But  the  fact  that  the 
consumption,  1.68  pounds  per  brake  horsepower  hour,  was  not  so 
good  as  was  obtained  in  test  150  indicates  that  probably  an  excess 
of  fuel  was  obtained. 

SUMMARY  OF  TESTS  ON  ENGINE  NO.  5. 

(1)  To  run  the  engine  satisfactorily  on  alcohol  it  is  necessary  that 
the  fuel-injection  mechanism  be  slightly  modified. 

(2)  When  properly  arranged  for  alcohol,  this  engine  can  be  started 
as  readily  and  operated  as  satisfactorily  on  alcohol  as  on  kerosene. 

(3)  With  kerosene  it  is  absolutely  necessary  to  keep  the  bulb  cool 
by  some  means,  and  the  steam  injection  satisfactorily  accomplishes 
this  result. 

(4)  With  alcohol  the  bulb  tends  to  become  too  hot,  and  it  would 
probably  be  advantageous  to  use  some  means  for  cooling  it. 

(5)  The  maximum  power  obtainable  from  the  engine  with  alcohol 
is  greater  than  the  maximum  with  kerosene. 

(6)  The  best  consumption  obtained  with  kerosene  was  0.98  pound 
per  brake  horsepower  hour. 

(7)  The  best  consumption  obtained  with  alcohol  was  1.60  pounds 
per  brake  horsepower  hour. 

ENGINE  NO.  6. 

DESCRIPTION  OF  ENGINE. 

This  engine  is  of  the  automobile  type,  4-cycle,  4-cylinder,  single- 
acting,  vertical,  rated  at  40-horsepower  at  900  revolutions  per  minute, 
each  cylinder  having  4f-inch  bore  and  5j-inch  stroke.  All  of  the 
valves  are  cam  operated,  and  the  carbureter  is  of  the  constant  level 


Engine  No.  6.  General  View. 
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type.  The  engine  is  shown  rigged  for  testing  in  Plate  XVIII,  and  the 
carbureter  is  shown  in  cross  section  in  figure  11.  This  engine  is  the 
latest  development  of  the  works  of  the  original  developer  of  the  high- 
speed engine.  Gasoline  enters  the  carbureter  through  a  pipe,  A, 
under  a  light  pressure,  obtained  usually  in  automobiles  by  pumping  air 
into  the  gasoline  t  ank  or  by  connecting  the  tank  with  the  exhaust  pipe  by 
small  pipe  and  check  valve,  thus  regulating  the  pressure  in  the  gasoline 
tank  without  the  use  of  an  air  pump.    Gasoline  rises  through  a  valve 


THROTTLE 

Fig.  11. — Engine  No.  6.    Cross  section  of  carbureter. 


under  float  control,  the  float  being  shown  at  B,  operating  through 
two  levers,  marked  C,  which,  as  the  float  rises,  press  downward  at 
their  inner  ends  on  the  spindle,  marked  D,  the  lower  end  of  which 
carries  the  valve  that  shuts  off  gasoline.  Gasoline  flows  through 
this  float  chamber  through  passage  E,  rising  to  the  spray  orifice  F, 
where  the  amount  Emitted  to  the  engine  will  depend  only  upon  the 
diameter  of  the  orifice  7  and  the  vacuum  in  the  carbureter.  There 
is  no  needle  valve  for  adjustment.    Above  the  spray  orifice  there  is  a 
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flat-end  spindle  which  may  regulate  the  quantity  of  gasoline  within 
very  small  limits,  and  which  in  any  case  causes  the  gasoline  rising 
through  the  spraying  orifice  to  spray  downward  horizontally,  in  the 
form  of  a  flat  sheet.  A  small  lifting  of  this  spindle  will  have  but 
little  effect  on  the  amount  of  gasoline  that  can  escape  from  the  orifice 
with  a  given  vacuum.  The  vacuum  in  the  carbureter,  which  more 
than  anything  else  controls  the  amount  of  gasoline  flow,  depends  upon 
two  things — first,  the  rate  of  air  determined  by  the  engine  speed  and 
its  load,  and,  second,  the  amount  of  opening  allowed  for  air  entering 
the  carbureter.  Air  enters  this  carbureter  at  any  one  of  three  places; 
and  possibly  all  three  together,  or  only  two  of  them.  The  principal 
amount  of  air  enters  through  the  air  port,  marked  K,  passes  to  the 
end  of  the  spray  chamber  M,  thence  through  the  narrow  contraction 
N,  in  which  is  located  the  spray  nozzle,  passing  finally  to  the  end  of 
the  throttle  valve  O,  through  the  passage  P  to  the  engine  suction.  All 
of  the  air  that  enters  through  the  port  K  then  is  used  for  carbureting, 
and  comes  in  contact  with  the  spray  in  the  narrow  spray  chamber  N, 
where  it  has  a  high  velocity.  In  this  respect  the  carbureter  is  quite 
similar  to  the  carbureter  of  engine  No.  7,  to  be  described  later.  The 
amount  of  opening  allowed  between  the  carbureter  and  the  engine 
suction  by  the  throttle  valve  Q,  shown  separately,  is  determined  by 
the  location  of  its  inner  edge  O,  which  crosses  more  or  less  the  port  P. 
The  top  edge  of  this  throttle,  communicating  with  P,  has  a  corner  cut  off 
at  R,  so  that  the  closure  will  not  be  too  abrupt.  The  throttle,  as  in  the 
case  of  the  engine  No.  7,  consists  of  a  sliding  sleeve,  hollow  and  having 
two  ports,  G'  and  IT,  intended  to  register  with  G  and  H  in  the  carbu- 
reter casing.  When  the  throttle  is  in  the  wide-open  position,  the  edge 
of  the  corner  that  is  cut  off,  R,  just  registers  with  the  edge  of  the 
port  P,  and  at  this  time  the  throttle  port  G'  exactly  matches  the  casing 
port  G,  and  the  maximum  quantity  of  air,  therefore,  enters  G,  by 
passing  the  spray  chamber.  This  position,  therefore,  allows  the  air 
to  enter  through  G  and  K.  That  part  which  enters  K  is  useful  for 
carbureting,  and  that  part  that  enters  through  G  simply  acts  as  air 
dilution  to  the  rich  mixture  formed  at  the  spray  nozzle  with  the  air 
that  enters  at  K.  When  the  throttle  is  pushed  in  to  the  limiting 
position,  the  cut  off  corner  R  barely  registers  with  the  right-hand  side 
of  the  port,  almost  but  not  quite  closing  the  opening  to  the  engine.  In 
this  position  both  of  the  ports  HH  and  GG  are  closed  and  all  of  the 
air  admitted  to  the  engine  must  pass  through  K  to  the  carbureting 
chamber.  Pulling  out  the  throttle  about  one-eighth  inch  allows  the 
port  IT,  to  register  with  port  H  and  as  much  air  by-passes  the  spray 
chamber  as  can  pass  through  this  port.  At  this  time  port  G  is 
closed.  Gradually  pulling  out  the  throttle  still  more,  port  G  immedi- 
ately begins  to  open  while  H  is  still  open  but  closing  At  the  time  H  is 
just  barely  closed  G  is  open  about  one-eighth  inch,  and  from  this  time 
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G  only  admits  by-passed  air.  The  object  of  having  two  ports,  H  and 
G,  is  to  permit  of  closer  regulation  than  can  be  secured  by  one.  A 
movement  of  the  throttle  varies  the  width  of  the  opening  on  both  H 
and  G  equal  amounts,  so  that  if  they  were  of  equal  length  the  closing 
of  one  would  be  exactly  counterbalanced  by  the  opening  of  the  other. 
They  are,  however,  not  of  equal  length;  G  is  a  little  longer  than  H, 
so  that  pulling  out  the  throttle,  while  closing  H  really  opens  G  faster 
and  gives  a  greater  rate  of  opening  on  G  and  a  very  sensitive  adjust- 
ment of  the  by-passed  air.  The  object  of  by-passing  air  in  this  man- 
ner is  to  overcome  the  tendency  of  the  suction  jet  to  deliver  excess  of 
gasoline  at  high  velocities  of  air  over  the  nozzle. 

The  carbureter  side  of  the  engine  is  shown  in  Plate  XIX  behind 
engine  No.  7,  which  is  in  the  foreground. 

DESCRIPTION  OF  TESTS. 

Great  difficulty  was  experienced  in  attempting  to  run  this  engine 
on  alcohol,  the  trouble  apparently  being  in  the  carbureter,  which  was 
unable  to  supply  sufficient  fuel,  except  at  high  speeds.  In  trying  to 
force  more  alcohol  through  the  carbureter  the  needle  valve  in  the 
float  chamber  was  manipulated  b}"  hand,  and  the  fuel  tank,  which 
was  so  placed  at  first  as  to  give  a  hydrostatic  head  of  1  foot,  was 
raised  until  the  head  was  10  feet.  While  these  changes  somewhat 
bettered  conditions,  steady  running  was  found  impossible,  and 
finally  the  carbureter  was  removed  and  examined  to  see  that  all  the 
passages  were  clear.  These  being  found  in  good  condition,  it  was 
finally  decided  that  since  the  engine  operated  satisfactorily  only  at 
high  speeds  there  probably  was  insufficient  vacuum  in  the  carbureting 
chamber  to  lift  enough  alcohol  through  the  spra}T  orifice,  which  in 
this  carbureter  has  no  needle-valve  adjustment.  It  was  also  thought 
that  the  admission  of  bjr-pass  air  called  for  too  much  saturation  of 
the  carbureted  air,  hence  the  auxiliary  air  suppl}T  was  cut  off.  This 
seemed  to  improve  the  operation,  but  it  was  still  unsatisfacton' 
because  the  spray  orifice  was  still  unaffected.  Next,  the  main  air 
supply  was  cut  down,  further  increasing  the  vacuum  and  the  suction 
on  the  spray  orifice,  when  it  was  found  that  the  engine  would  pick 
up  easily  and  carry  the  load  even  at  low  speeds.  When  there  was 
insufficient  alcohol  or  when  the  mixture  was  not  correct  it  was  noted 
that  only  three  cylinders  out  of  four  were  exploding.  When  the 
mixture  was  improved  all  four  cylinders  would  explode. 

The  results  obtained  after  increasing  the  vacuum  on  the  carbureter 
may  have  been  partly  due  to  the  fact  that  the  float  in  the  carbureter 
was  leaking  and  had  partly  filled  with  alcohol,  thus  allowing  the  alcohol 
to  rise  in  the  float  chamber  and  give  a  pressure  head  on  the  spray 
nozzle  instead  of  a  suction  head.    When  this  was  repaired  a  series 
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of  runs  was  attempted,  but  trouble  was  found  as  in  the  previous  case. 
One  of  the  cylinders  did  not  explode  except  when  excessively  high 
speeds  were  reached,  although  the  igniter  was  examined  and  found 
to  be  in  good  condition. 

The  engine  when  run  on  alcohol  seemed  to  do  best  when  running 
at  the  maximum  load  of  220  pounds  with  an  average  vacuum  in  the 
carbureter  of  seven-eighths  of  an  inch  of  mercury.  This  load  was 
kept  up  during  a  20-minute  run.  The  vacuum  at  the  beginning  of 
the  run  was  1^  inches  of  mercury,  but  had  to  be  reduced  to  about 
three-fourths  of  an  inch  toward  the  end  of  the  run,  owing  probably 
to  overheating  of  the  air  supply.  The  engine  ran  smoothly  and 
with  less  vibration  than  when  running  with  gasoline.  In  starting 
some  difficulty  was  found,  due  to  flooding  of  one  of  the  cylinders, 
causing  this  cylinder  to  miss  until  gasoline  was  injected  through  the 
relief  valve  on  top  and  a  few  explosions  obtained,  which  would  clear 
the  cylinder,  after  which  it  would  operate  satisfactorily.  The  load 
of  220  pounds,  with  a  speed  of  620  revolutions  per  minute,  seemed 
to  give  the  best  results.  However,  lighter  loads  and  higher  speeds 
could  have  been  obtained  and  would  probably  have  given  good 
results  if  the  corresponding  adjustments  had  been  properly  found. 
This  engine,  when  operating  on  gasoline,  would  not  carry  as  high  a 
load  satisfactorily  and  seemed  to  operate  best  at  higher  speeds,  say 
800.  A  run  was  attempted  at  this  speed  and  kept  up  for  10  minutes. 
No  alterations  or  adjustments  were  made  for  the  gasoline  runs — 
that  is,  the  air  supply  was  not  throttled  and  the  by-pass  was  left  open. 
For  the  alcohol  runs  the  air  supply  was  throttled  and  the  by-pass 
entirely  closed.    The  spark  was  always  adjusted  to  suit  the  speed. 

Table  XIII  gives  the  results  of  the  consumption  tests  on  engine 
No.  6.  W  represents  the  pull  of  the  rope  brake  on  the  large  spring 
balance  shown  at  the  left  in  Plate  XVIII  (p.  76) ;  w  is  the  pull  on  the 
smaller  balance,  the  one  at  the  right  in  Plate  XVIII,  and  W-w  is  the 
force  used  in  computing,  the  brake  horsepower. 


Table  XIII. — Engine  No.  6,  results  of  consumption  tests. 


No. 
of 
test. 

Kind  of 
fuel. 

Brake  load. 

Revo- 
lu- 
tions 
per 
min- 
ute. 

Brake 
horse- 
power. 

Dura- 
tion of 
test. 

Fuel  consumption — 

Vacuum 
in  car- 
bureter. 

W. 

w. 

W-w. 

Per 
hour. 

Per  horse- 
power hour. 

Inch,  of 

Lbs. 

Lbs. 

Lbs. 

Min.  sec. 

Lbs. 

Lbs. 

Gallon. 

mercury. 

153 

Gasoline.. 

215 

25 

190 

660 

26.3 

2  19 

24.2 

0.92 

0.16 

§to  i 

154 

do.... 

200 

22 

178 

780 

29.2 

8  0 

29.9 

1.02 

.17 

I  to  TBB 

155 

Alcohol.. . 

218 

24 

194 

680 

27.7 

10  0 

37.9 

1.37 

.20 

|  to  li 

156 

 do  

220 

26 

194 

670 

27.3 

19  0 

39.2 

1.44 

.21 
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ENGINE  NO.  7. 

DESCRIPTION  OF  ENGINE. 

This  engine  is  shown,  together  with  the  carbureter  side  of  engine 
No.  6,  in  Plate  XIX,  and  its  carbureter  is  shown  in  cross  section  in 
figure  12.  The  engine  has  four  cylinders,  each  of  4f  inches  bore 
and  5T3§-  inches  stroke,  and  is  rated  at  40  horsepower  at  900  revolu- 
tions per  minute.  The  engine  has  a  cam-operated  exhaust  valve  and 
automatic  suction  inlet  valve,  in  this  respect  being  different  from 
engine  No.  6.  It  is  also  different  in  having  jump  spark  ignition 
instead  of  make  and  break  and  ignition,  but  these  are  matters  of  very 
little  importance  on  the  relative  performance  of  gasoline  and  alcohol 
fuel.  Gasoline  enters  this  carbureter,  as  in  previous  cases,  by  way 
of  a  float  chamber,  which  controls  the  level  of  the  gasoline,  and  from 


Fig.  12.— Engine  No.  7.   Cross  section  of  carbureter. 


the  float  chamber  to  a  spraying  orifice  controlled  by  a  needle  valve 
shown  in  the  cross  section.  There  is,  as  in  the  carbureter  of  engine 
No.  6,  a  sliding  throttle  with  opening  arranged  with  respect  to  the  spray- 
ing orifice.  The  amount  of  gasoline  spray  is  regulated  by  the  needle 
valve  having  a  fine  taper  and  is  otherwise  dependent  upon  the  vacuum 
in  the  carbureter  chamber.  Air  enters  this  carbureter  through  the 
opening  A,  marked  "air  inlet,"  and  then  separates  into  two  parts, 
one  part  passing  through  a  short  tube,  B,  into  which  the  spray  nozzle 
projects,  and  the  other  part  passing  through  a  series  of  slits,  C,  in  the 
sleeve,  D,  thus  passing  around  the  carbureting  chamber  proper.  Into 
the  sleeve  D  and  its  counterpart  E  fits  a  sliding  sleeve  or  throttle, 
shown  separately  in  figure  12.  The  edge  of  this  throttle,  marked  F, 
more  or  less  covers  the  slits  C  so  that  by  moving  the  throttle  in  and 
out  more  or  less  air  by-passes  the  spraying  chamber.    When  the 
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throttle  is  wide  open  the  largest  amount  of  air  by-passes,  and  when 
it  is  closed  all  of  the  air  passes  through  the  opening  B,  in  the  spraying 
chamber.  At  closed  throttle  all  of  the  air  is  used  for  carbureting, 
while  at  wide-open  throttle  a  large  part  of  the  air  by-passes  and  mixes 
with  the  rich  mixture  formed  in  the  spray  chamber.  The  throttle 
has  itself  a  series  of  slits,  marked  G,  communicating  with  the  port 
marked  H,  leading  to  the  engine  suction.  As  the  throttle  is  moved 
in  and  out  these  ports  G  are  more  or  less  in  register  with  the  slot  H. 
When  the  throttle  is  closed  the  ports  C  are  also  closed.  Slowly 
opening  the  throttle  allows  the  taper  ports  of  the  slot  G  to  first  open 
to  the  cylinder  suction,  and  at  the  same  time  opens  the  narrow  end 
of  the  slits  C  for  by-passing  air.  As  the  throttle  is  open  wider  and 
wider  the  taper  part  of  the  port  G  passes  H  until  when  the  throttle 
is  wide  open  only  the  straight  part  of  the  port  G  communicates  with 
H  at  the  same  time  that  the  by-pass  ports  C  are  wide  open.  All  of 
this  time  air  enters  freely  through  the  opening  A  from  the  atmos- 
phere. This  structure  is  an  attempt,  on  the  part  of  the  designer,  to 
overcome  the  tendency  of  spray  carbureters,  noted  by  Maybach,  to 
deliver  excess  gasoline  at  high-air  velocities  by  by-passing  more  of 
the  air  than  is  needed  at  high  speeds. 

DESCRIPTION  OF  TESTS. 

To  start  the  engine  on  gasoline  we  opened  the  needle  valve  about 
If  turns,  oj;>ened  the  throttle  about  one-fourth  of  an  inch,  set  the 
ignition  late,  and  the  engine  usually  started  as  soon  as  the  shaft  was 
worked  past  one  compression  point.  As  soon  as  the  engine  was 
started  the  spark  was  advanced  a  considerable  amount,  until  the 
exhaust  was  comparatively  noiseless,  and  the  air  cock  in  the  car- 
bureter was  opened.  To  start  with  alcohol  in  the  carbureter,  a  few 
drops  of  gasoline  were  injected  into  the  air-suction  pipe.  The  engine 
speed  was  controlled  chiefly  by  the  throttle.  It  was  very  sensitive 
to  a  slight  movement  of  the  throttle,  and  a  movement  too  small  to 
be  measured  accurately  with  the  means  at  hand  would  produce  a 
noticeable  change  in  speed. 

The  power  developed  was  absorbed  by  a  water-cooled  rope  brake. 
It  was  difficult  to  keep  the  load  steady  during  the  tests,  and  diffi- 
cult to  read  the  spring  balances  on  account  of  the  vibrations.  The 
speed  was  taken  with  a  hand  counter  for  60  or  30  seconds,  and  the 
readings  were  taken  often  enough  to  cover  about  half  the  whole  time 
included  in  the  tests.  With  the  valve  settings  unchanged  we  tried  to 
keep  the  load  constant,  and  we  then  averaged  the  speed  measure- 
ments. Table  XIV  contains  the  results  of  the  consumption  runs 
with  this  engine. 
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Table  XIV. — Engine  iVb.  7,  results  of  consumption  tests. 

GASOLINE  FUEL. 


Net 
brake 
load. 


Opening 
of 

throttle 
valve. 


Opening  Revolu- 

of  tions 

needle  per 

valve.  minute. 


Brake 
horse- 
power. 


Fuel  consumption 

Duration 
of  test.  Per 


hour. 


Per  brake  horse- 
power hour. 


Lbs. 


94 
138 
138 
132 


Inch. 
0.28 
.28 
.28 
.28 
.30 
.30 
.34 
.38 
.41 
.44 
.44 


Turns. 


5 

1.4 

1.3-5 


547 
599 
603 
600 
615 
668 
556 
547 
537 
550 
578 
648 


o.o 
9.9 
10.7 
16.0 
16.8 
18.0 


Min. 
6 
6 
6 
6 
6 


£6s. 
3.69 
4.12 
4.25 
4.44 
4.50 
4.88 
7.25 
6.85 
9. 12 
12.81 
11.94 
13.31 


Lbs. 


Gall. 


1.32 

0.22 

.69 

.12 

.85 

.14 

.80 

.14 

.71 

.12 

.74 

.13 

ALCOHOL  FUEL. 


169 
170 
171 

0.31 
.31 
.31 

3.0 
3.4 
3.8 

561 
600 
598 

6 
6 
6 

6.56 
7.06 
7.06 

172 

50 

.38 

3.8 

540 

5.7 

6 

12.25 

2. 15 

0.31 

173 

70 

.41 

2.8 

616 

9.1 

6 

17.69 

1.94 

.28 

174 

94 

.44 

2.8 

643 

12.8 

6 

21.00 

1.64 

.24 

175 

140 

.47 

2.8 

610 

18.0 

6 

23.38 

1.30 

.19 

The  first  four  consumption  tests  show  the  increase  in  consumption 
caused  by  opening  the  needle  valve.  The  next  two  show  the  increase 
caused  by  opening  the  throttle  very  slightly.  The  tests  under  load 
were  taken  in  most  cases  with  the  minimum  needle-valve  settings  at 
which  it  seemed  safe  to  try  to  run. 

Although  the  brake  load  could  be  carried  up  to  200  pounds  for  a 
brief  interval,  it  could  not  be  held  there  long  enough  to  secure  a 
measured  run.  Neither  could  it  at  170  or  180  pounds.  When  the 
speed  under  load  was  increased  much  beyond  600  revolutions  per 
minute,  the  engine  hammered  very  noisily. 

When  running  on  no  load  with  alcohol  only,  the  two  middle  cyl- 
inders would  explode,  but  as  the  load  was  increased  all  the  cylinders 
would  explode.  With  alcohol  the  pipe  from  the  carbureter  to  the 
cylinders  became  very  cold.  The  room  temperature  fluctuated 
around  80°,  and  a  thermometer,  whose  bulb  was  in  contact  with  the 
outside  of  the  pipe,  registered  a  temperature  colder  than  the  room 
by  an  amount  which  was  constantly  between  35°  and  40°. 

After  making  run  No.  172  we  covered  the  by-pass  openings  in  the 
carbureter,  which  permit  the  air  to  go  around  the  needle-valve  open- 
ing, and  this  seemed  to  improve  the  operation  on  alcohol.  . 

The  consumptions  given  in  the  table  in  pounds  per  brake  horse- 
power hour  may  in  any  case  be  in  error  by  0.02  or  0.03  of  a  pound, 
on  account  of  the  uncertainty  in  the  measurements  of  the  load  and 
speed  of  the  engine.  Hence,  too  much  reliance  should  not  be  placed 
on  the  exact  figures  of  the  results. 
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SUMMARY  OF  TESTS  ON  ENGINE  NO.  7. 

(1)  As  satisfactory  operation  of  the  engine  and  as  high  a  power 
was  obtained  when  the  engine  was  running  on  alcohol  fuel  as  when 
it  was  using  gasoline  fuel. 

(2)  When  alcohol  was  used,  but  a  small  proportion  of  the  liquid 
was  vaporized  in  the  carbureter.  The  remainder  of  the  fuel  sup- 
plied must  have  been  carried  along  with  the  air  as  a  liquid  spray. 
This  was  shown  by  the  low  temperature  of  the  fuel  mixture  after 
leaving  the  carbureter,  and  also  by  the  fact,  that  at  low  loads  not  all 
the  cylinders  could  get  an  explosive  mixture. 

(3)  The  fuel  consumption  per  brake  horsepower  hour  was  increased 
by  opening  materially  either  the  fuel  needle  valve  or  the  throttle 
valve  beyond  the  settings  necessary  to  carry  the  load. 

(4)  With  gasoline  fuel  the  consumption  per  brake  horsepower  hour 
did  not  appear  to  vary  so  much  with  the  load  as  it  did  when  alcohol 
fuel  was  used. 

(5)  With  gasoline  fuel  the  best  consumption  was  0.69  pound  per 
brake  horsepower  hour. 

(6)  With  alcohol  fuel  the  best  consumption  obtained  was  1.30 
pounds  per  brake  horsepower  hour  at  the  highest  load  obtained — 
18  brake  horsepower. 

ENGINE  NO.  8. 

DESCRIPTION  OF  ENGINE. 

This  engine  is  a  small  boat  engine,  single  cylinder,  vertical,  2-cycle, 
rated  at  2  horsepower  at  700  revolutions  per  minute,  having  a  cylin- 
der diameter  of  4  inches  and  a  stroke  of  4  inches.  It  is  shown  in  the 
photograph,  Plate  XX,  and  its  carbureter  is  shown  in  cross  section, 
figure  13.  The  carbureter  is  so  attached  that  on  every  up  stroke  of 
the  piston  a  mixture  is  drawn  into  the  crank  case.  At  the  same 
time  the  compression  charge  is  being  compressed  in  the  cylinder. 
The  exhaust  takes  place  through  a  port  very  similar  to  that  of  engine 
No.  5,  and  the  mixture  sucked  in  and  compressed  in  the  crank  case 
is  transferred  from  the  crank  case  to  the  cylinder  proper  by  a  small 
port.  The  cylinder  is  water  jacketed  and  provided  with  a  pump  to 
maintain  water  circulation.  Gasoline  must  be  brought  to  this  car- 
bureter under  a  light  pressure,  as  there  is  no  gasoline  pump.  The 
carbureter  is  of  the  constant  level  type,  the  level  being  maintained 
by  a  float  in  the  gasoline.  Gasoline  enters  the  carbureter,  figure  13, 
through  a  pipe,  G,  passes  upward  through  a  small  valve  connected 
with  the  float  F  by  a  lever  turning  on  the  pivot  J.  Should  the  level 
in  the  gasoline  chamber,  B,  fall  too  low  the  float  will  trip,  raising  the 
valve  in  the  gasoline  pipe  and  allowing  gasoline  to  flow  into  this 
chamber  until  by  rising  of  the  float  this  valve  is  again  closed.  This 
float,  therefore,  acts  exactly  as  does  the  float  in  the  automobile  engines 
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Engine  No.  8.  General  View. 
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and  the  overflow  pipe  in  the  stationary  engines.  The  constant  level 
overflow  would  be  impossible  in  this  kind,  because  the  rocking  of 
the  boat  would  seriously  disturb  the  level.  Gasoline  leaves  the  stor- 
age chamber,  B,  through  the  spray  orifice,  D,  controlled  by  the  needle 
valve,  E.  Air  enters  the  carbureter  through  a  check  valve,  A, 
against  a  spring  resistance,  which  spring  resistance  is  placed  here  so 
that  there  will  always  be  sufficient  vacuum  in  the  spray  chamber  to 
lift  the  gasoline  a  small  distance,  about  one-fourth  of  an  inch,  from 
the  constant  level  to  the  spray  orifice.  A  screw  adjustment  is  pro- 
vided on  this  air  check  by  which  the  vacuum  can  be  regulated,  giving 


Fig.  13.— Engine  No.  8.    Cross  section  of  carbureter. 


more  or  less  gasoline  as  the  vacuum  is  more  or  less.  The  air  passing 
the  spray  orifice  picks  up  the  liquid  fuel  and  passes  to  the  suction 
chamber.  The  engine  is  controlled  by  a  throttle  valve  or  damper, 
K,  which  can  be  moved  across  the  pipe  separating  the  spray  chamber 
from  the  engine  suction.  In  this  carbureter  all  of  the  air  supply 
passes  the  carbureter  spray  and  at  a  maximum  velocity,  because  the 
air  passage  is  slightly  contracted  at  this  point. 

DESCRIPTION  OF  TESTS. 

Many  short  consumption  runs  were  made  on  this  engine,  from 
among  which  the  results  of  a  few  of  the  tests  have  been  selected  and 

2099— Xo.  191—07  7 


86 


are  given  in  Table  XV.  The  action  of  the  engine  was  very  irregular 
and  uncertain.  The  settings  of  the  air  valve,  the  throttle  valve,  the 
fuel  needle  valve,  the  ignition,  and  the  brake  load  all  affected  the 
speed,  the  power,  and  the  consumption  of  the  engine.  In  addition, 
the  temperature  of  the  engine,  the  arrangement  of  the  lubrication, 
and  the  condition  of  the  battery  circuit  probably  all  affected  materi- 
ally the  engine's  operation.  The  small  size  of  the  engine,  its  high 
speed,  and  the  absence  of  any  governor,  together  with  the  effect  of  all 
the  variables  enumerated  above,  made  the  control  of  the  engine 
exceedingly  difficult.  It  was  found  practically  impossible  to  keep 
the  engine  running  steady  even  during  a  short  run,  and  duplicate 
runs  would  always  show  considerable  variation  in  results. 


Table-  XV. — Engine  No.  8,  results  of  consumption  tests. 
GASOLINE  FUEL. 


Num- 
ber of 
test. 

Fuel 

Igniter 

Net 
brake 
load. 

Revo- 
lutions 
per 
min- 
ute. 

Brake 
horse- 
power. 

Dura- 
tion of 
test. 

Fuel  consumption — 

needle- 
valve 
setting. 

setting 
advance 
of  center. 

Per 
hour. 

Per  brake  horse- 
power hour. 

176 
177 
178 
179 
180 
181 
182 
183 
184 
185 

Tvrns. 

1 

I 
| 

I 

1 

1 

3 

Notches. 
15 
15 
15 
15 
8 
15 
8 
8 
8 
10 

Lbs. 
8.2 
8.7 
9.0 
9.  47 
11.  17 
11.  45 
10.  36 
10.36 
10.  36 
10.36 

600 
COO 
550 
500 
450 
450 
470 
475 
431 
458 

2.  34 
2.48 
2.35 
2.  25 
2.39 
2.  45 
2.32 
2.  34 
2. 12 
2.26 

Min. 
3 
3 
6 

10 

6 
5 
6 
6 
5 

Lbs. 
3.88 
3.75 
3.81 
3.91 
3.56 
3.94 
3.38 
4.25 
5.  06 
3.  08 

Lbs. 
1.66 
1.51 
1.  62 
1.  74 
1.  49 
1.61 

1.  45 
1.82 

2.  39 
1.36 

Gal. 
0.  28 
.26 
.27 
.29 
.25 
.27 
.25 
.31 
.  40 
.  23 

ALCOHOL  FUEL. 

186 
187 
188 
189 
190 
191 
192 

f 
I 

1 

1* 

15 
15 
15 
15 
15 
15 
15 

7.0 
10.0 
10.75 
11.0 
10.0 
10.5 
10.5 

488 
500 
490 
475 
493 
509 
500 

1.  62 
2.38 

2.  51 
2.  49 
2.  34 
2.  54 
2.50 

4 
8 
14 

I 

4.  29 
6.00 
6.43 
6.92 
7.  74 
7.  72 
7.97 

2.  64 
2.  52 
2.  56 

2.  78 

3.  31 
'  3.06 

3.  19 

0.  39 
.37 
.37 
.41 
.48 
.45  ' 
.47 

In  all  the  tests  of  Table  XV  the  throttle  valve  and  air  valve  were 
wide  open.  Closing  the  air  valve  was  tried  in  other  tests,  with  the 
result  that  the  power  of  the  engine  was  reduced,  but  the  fuel  con- 
sumption per  brake  horsepower  hour  was  not  appreciably  affected 
provided  the  needle  valve  was  closed  somewhat  as  the  air  valve  was 
closed. 

The  table  shows  that  for  a  considerable  range  of  brake  load  the 
horsepower  is  practically  constant  because  the  speed  decreases  as  the 
load  increases. 

Tests  176  to  LSI  show  the  effect  of  increasing  the  brake  load  with 
other  conditions  maintained  constant.  The  consumption  is  practi- 
cally constant. 

Tests  182  to  184  show  the  effect  of  increasing  the  needle-valve 
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setting  with  constant  load.  The  fuel  consumption  is  correspond- 
ingly increased. 

Test  185  compared  with  182  shows  a  better  consumption,  appar- 
ently due  to  the  earlier  ignition. 

The  tests  with  alcohol  fuel  show  among  themselves  about  the 
same  relations  as  do  the  tests  on  gasoline  fuel. 

The  irregular  results  obtained  in  the  fuel  consumption  measure- 
ments with  alcohol,  together  with  the  peculiar  action  of  the  engine 
in  holding  its  load  with  this  fuel,  especially  with  a  wide  needle-valve 
opening,  le'd  to  the  suspicion  that  the  crank  case  was  acting,  in  the 
first  place,  as  a  separator  for  liquid  alcohol  unvaporized  in  the  spray 
chamber,  and  in  the  second  place,  after  the  engine  became  warm,  as 
a  secondary  vaporizer  for  alcohol  previously  deposited  through  the 
separator  action.  Arrangements  were  made  for  measuring  the 
temperature  of  the  air  entering  the  carbureter,  of  the  mixture  leav- 
ing the  carbureter  spray  chamber,  and  of  the  mixture  passing  through 
the  transfer  port  between  the  crank  case  and  the  motor  cylinder. 
About  three  minutes  after  starting  up,  the  temperature  of  the  air 
entering  the  carbureter  was  82°  F.  and  that  of  the  mixture  in  the 
transfer  passage  about  50°  F.  When  the  engine  had  been  run  fully 
loaded  for  five  minutes  with  a  wide  needle-valve  opening,  another 
measurement  was  made.  In  the  meantime  the  engine  showed  signs 
of  irregular  action,  being  unable  to  hold  the  previous  load  and 
repeatedly  missing  fire.  Sometimes  the  misses  were  regular,  occur- 
ring every  three  or  four  strokes;  at  other  times  they  were  irregular. 
At  this  time  alcohol  was  observed  leaking  from  the  bearings  around 
the  main  shaft.  This  showed-  that  liquid  alcohol  was  collecting  in 
the  crank  case.  The  second  measurement  showed  the  same  tempera- 
ture of  the  air  entering  the  carbureter,  82°,  and  a  rise  in  temperature 
to  86°  in  the  transfer  chamber — a  very  material  rise,  which  must 
necessarily  be  accompanied  by  vaporization  of  some  of  the  liquid 
being  violently  agitated  in  the  crank  chamber  by  the  crank.  It  was 
difficult  to  get  the  temperature  of  the  discharge  from  the  carbureter 
into  the  crank  chamber,  but  as  near  as  could  be  estimated  it  was 
about  50°  F.  These  observations  show,  first,  in  the  spraying  cham- 
ber a  considerable  vaporization  of  alcohol  with  about  30°  drop  in 
temperature;  second,  a  rise  in  temperature  of  the  whole  mass  in  the 
crank  case,  which  must  be  accompanied  in  the  presence  of  liquid 
alcohol  by  an  increase  in  the  amount  of  vapor  in  the  mixtures  reaching 
the  motor  cylinder.  This  complex  action  in  the  crank  case  of  separa- 
ting liquid  alcohol  and  subsequently  more  or  less  vaporizing  it,  depend- 
ing upon  conditions  of  load,  needle-valve  setting,  length  of  time 
engine  was  heated,  etc.,  shows  clearly  that  a  measurement  of  the 
amount  of  alcohol  supplied  to  the  carbureter  was  no  indication  of 
the  amount  being  consumed  at  the  time. 
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SUMMARY  OF  TESTS  OF  ENGINE  NO.  8. 

(1)  This  engine  was  as  easily  started  and  ran  as  smoothly  and  satis- 
factorily on  alcohol  as  on  gasoline. 

(2)  The  maximum  power  of  the  engine  seemed  to  he  greater  with 
alcohol  than  with  gasoline. 

(3)  As  the  brake  load  in  pounds  is  changed  through  a  considerable 
range,  the  speed  varies  in  the  inverse  manner  so  that  the  power 
remains  nearly  constant. 

(4)  Much  more  fuel  than  the  minimum  amount  necessary  may  be 
used  by  improper  settings  of  the  engine  adjustments. 

(5)  At  full  load  the  engine  is  very  sensitive  to  slight  changes  in  the 
conditions  of  operation. 

(6)  When  alcohol  fuel  is  used,  if  the  crank  case  is  cold,  liquid  alco- 
hol collects  therein,  and  may  be  subsequently  vaporized  as  the  crank 
case  becomes  hot. 

(7)  The  best  consumption  obtained  on  gasoline  was  1.36  pounds 
per  brake  horsepower  hour. 

(8)  The  best  consumption  obtained  on  alcohol  was  2.52  pounds 
per  brake  horsepower  hour. 

CONCLUSIONS. 

The  following  general  conclusions  are  drawn  as  a  result  of  the 
investigations  reported  in  detail  above: 

(1)  Any  gasoline  engine  of  the  ordinary  types  can  be  run  on  alcohol 
fuel  without  any  material  change  in  the  construction  of  the  engine. 
The  only  difficulties  likely  to  be  encountered  are  in  starting  and  in 
supplying  a  sufficient  quantity  of  fuel,  a  quantity  which  must  be 
considerably  greater  than  the  quantity  of  gasoline  required. 

(2)  When  an  engine  is  run  on  alcohol  its  operation  is  more  noiseless 
than  when  run  on  gasoline,  its  maximum  power  is  usually  materially 
higher  than  it  is  on  gasoline  and  there  is  no  danger  of  any  injurious 
hammering  with  alcohol  such  as  may  occur  with  gasoline. 

(3)  For  automobile  air-cooled  engines  alcohol  seems  to  be  especially 
adapted  as  a  fuel,  since  the  temperature  of  the  engine  cylinder  may 
rise  much  higher  before  auto-ignition  takes  place  than  is  possible 
with  gasoline  fuel ;  and  if  auto-ignition  of  the  alcohol  fuel  does  occur 
no  injurious  hammering  can  result. 

(4)  The  consumption  of  fuel  in  pounds  per  brake  horsepower, 
whether  the  fuel  is  gasoline  or  alcohol,  depends  chiefly  upon  the 
horsepower  at  which  the  engine  is  being  run  and  upon  the  setting  of 
the  fuel  supply  valve.  It  is  easily  possible  for  the  fuel  consumption 
per  horsepower  hour  to  be  increased  to  double  the  best  value,  either 
by  running  the  engine  on  a  load  below  its  full  power  or  by  a  poor 
setting  of  the  fuel  supply  valve. 
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(5)  These  investigations  also  showed  that  the  fuel  consumption 
was  affected  by  the  time  of  ignition,  by  the  speed,  and  by  the  initial 
compression  of  the  fuel  charge.  No  tests  were  made  to  determine 
the  maximum  possible  change  in  fuel  consumption  that  could  be 
produced  by  changing  the  time  of  ignition,  but  when  near  the  best 
fuel  consumption  it  was  shown  to  be  important  to  have  an  early 
ignition.  So  far  as  tested  the  alcohol  fuel  consumption  was  better 
at  low  than  at  high  speeds.  So  far  as  investigated,  increasing  the 
initial  compression  from  70  to  125  pounds  produced  only  a  very 
slight  improvement  in  the  consumption  of  alcohol. 

(6)  It  is  probable  that  for  any  given  engine  the  fuel  consumption 
is  also  affected  by  the  quantity  and  temperature  of  cooling  water 
used  and  the  nature  of  the  cooling  system,  by  the  type  of  ignition 
apparatus,  by  the  quantity  and  quality  of  lubricating  oil,  by  the 
temperature  and  humidity  of  the  atmosphere,  and  by  the  initial 
temperature  of  the  fuel. 

(7)  It  seems  probable  that  all  well-constructed  engines  of  the  same 
size  will  have  approximately  the  same  fuel  consumption  when  working 
under  the  most  advantageous  conditions. 

(8)  With  any  good  small  stationary  engine  as  small  a  fuel  consump- 
tion as  0.70  pound  of  gasoline,  or  1.16  pounds  of  alcohol  per  brake 
horsepower  hour  may  reasonably  be  expected  under  favorable  condi- 
tions. These  values  correspond  to  0. 1 18  and  0. 170  gallon  respectively, 
or  0.95  pint  of  gasoline  and  1.36  pints  of  alcohol.  Based  on  the  high 
calorific  values  of  21,120  British  thermal  units  per  pound  of  gasoline 
and  11,880  per  pound  of  alcohol,  these  consumptions  represent  thermal 
efficiencies  of  17.2  per  cent  for  gasoline  and  18.5  per  cent  for  alcohol. 

But  calculated  on  the  basis  of  the  low  calorific  values  of  19,660 
British  thermal  units  per  pound  for  gasoline  and  10,620  for  alcohol, 
the  thermal  efficiencies  become  18.5  for  the  former  fuel  and  20.7  for 
alcohol.  The  ratio  of  the  high  calorific  values  used  above  is,  gasoline 
to  alcohol,  1.78.  The  corresponding  ratio  of  the  low  calorific  values 
is  1.85.  The  ratio  of  the  consumptions  mentioned  above  is,  alcohol 
to  gasoline,  1.66  by  weight,  or  1.44  by  volume. 
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